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PEEFACE. 


The  present  volume  completes  the  description  of  the  Siwalik  and  Narbada 
Vertebrata  as  at  present  known,  although  one  or  more  supplemental  memoirs  on 
particular  groups  may  probably  be  published ; while  materials  for  others  may,  it  is 
hoped,  be  afforded  by  future  ‘ finds.’ 

My  own  share  in  the  work  commenced  in  1876,  and  its  completion  has  therefore 
taken  upwards  of  ten  years.  The  general  advance  in  vertebrate  zoology  and 
palaeontology  during  that  period,  coupled  with  the  disadvantage  of  my  not  having 
had  access  to  the  British  Museum  collections  when  writing  the  first  and  part  of  the 
second  volumes,  and  my  own  inexperience  when  I commenced  the  work,  has  entailed 
many  changes  both  in  systematic  arrangement,  and  in  the  determination  of  par- 
ticular specimens;  but  the  Synopsis  of  Mammalia  given  in  this  volume,  together 
with  the  Introductory  Observations,  will,  it  is  hoped,  render  all  such  emendations 
apparent  to  the  reader.^  The  publication  of  Prof.  W.  H.  Flower’s  ‘ Catalogue  of 
Mammalia  in  the  Museum  of  the  Royal  College  of  Surgeons’  (1884)  marks  an  epoch 
in  the  history  of  the  Mammalia,  as  being  one  of  the  first  attempts  to  introduce  a 
thoroughly  dependable  nomenclature,  and  the  generic  terms  employed  in  the  synopsis 
in  the  present  volume  have  been  brought  in  the  main  into  accord  with  those  used  in 
that  work.  The  lines  laid  down  in  that  Catalogue  have  been  followed  in  my  own 
‘ Catalogue  of  the  Fossil  Mammalia  in  the  British  Museum’,  now  in  course  of 
publication ; and  the  writing  of  that  work  has  enabled  me  to  make  numerous  emen 
datioiis  in  regard  to  the  species  and  range  of  the  non-Indian  mammals  referred  to 
in  the  course  of  this  and  the  preceding  volumes.  Some  of  these  emendations  are 
noticed  in  the  Introductory  Observations  to  the  present  volume,  but  the  reader  who 
desires  to  quote  any  observations  in  regard  to  such  mammals  is  referred  to  the 
original  work.  In  both  the  above-mentioned  Catalogues  generic  terms  have  been 

1 See  also  “ Catalogue  of  Siwalik  Vertebrata  in  the  Indian  Museum,”  pt.  I.  Calcutta  (1885). 
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employed  in  a very  wide  sense,  and  I am  more  and  more  convinced  that  this  view 
is  the  preferable  one,  as  the  multiplication  of  such  terms  can  but  encumber  the 
science  without  giving  any  adequate  advantage  in  return. 

I may  mention  that  the  references  to  non-Siwalik  vertebrates  do  not  usually  refer 
to  the  first  publication  of  the  names,  but  merely  to  good  descriptions  or  figures. 

i have  again  to  express  my  thanks  to  many  of  the  Officers  of  the  Zoological 
and  Geological  Departments  of  the  British  Museum  (Natural  History)  for  much 
valuable  assistance ; and  thanks  are  also  due  to  the  Director  of  the  British  Museum, 
and  to  Professor  Boyd-Dawkins,  of  Owens  College,  for  some  of  the  woodcuts 
illustrating  this  volume.  The  readers  of  this  and  the  preceding  volume  are  deeply 
indebted  to  Miss  G.  M.  Woodward  and  the  other  artists  for  the  accuracy  and  ex- 
cellent execution  of  the  figures  of  the  specimens. 


RICHARD  LYDEKKER. 


The  Lodge, 

Harpenden, 

Hertfordshire. 

March  1st,  1886. 
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CORRiaENDA. 


Page  37,  line  16  from  bottom,  for  1839  read  1836. 

,,  91,  ,,  10  ,,  ,,  and  104  line  16  from  top,  the  date  of  publication  of  Pomel’s  memoir  on 

Palceochoerus  is  1847,  the  paper  having  been  read  in  1846. 

,,  93,  ,,  \S  from  top,  for  iypns  read  mdL]MS. 

,,  104,  ,,  9 atid  10  from  top,  the  memoir  on  Hyotherium  is  by  Meyer,  and  not  Osborn. 

,,  109,  top  line,  for  miocene  read  pliocene. 

,,  117,  line  22  from  top,  for  Kow.  read  Aym. 

,,  129,yi>r  Chseromeryx  read  Choeromeryx. 

,,  130,  note  2,  and  131  note  \,  for  1884  read  1885. 

,,  145,  ,,  ,,  for  Yil.  read  YlW. 

,,  153,  line  14  from  top,  before  conclusion  add  same. 

,,  182,  note  6,  for  395  read  295. 

,,  196,  ,,  5,  “ Synopsis  Reptilium,”  p.  49  (1831). 

,,  224-5.  Transpose  the  sentence  at  the  end  of  the  second  paragraph  on  p.  224  with  the  two 

sentences  at  the  end  of  the  first  paragraph  on  p.  225. 

In  description  of  plate  W.  fig.  2 for  third,  read  first  true  molar. 


INTEODUCTOEY  OBSEEVATIONS. 


ADDENDA  TO  SYNOPSIS  OF  SIWALIK  & NARBADA  MAMMALIA. 

General. — Since  the  publication  of  the  Synopsis  of  Siwalik  and  Narbada  Mam- 
malia in  the  third  part  of  the  present  volume  several  new  upper  Siwalik  species 
have  been  added  to  the  list,  and  some  emendations  made  in  regard  to  certain  genera 
and  species  ; while  there  is  one  provisional  new  species  to  be  added.  All  these  addi- 
tions are  noticed  in  the  sequel ; the  genera  being  taken  in  the  same  order  as  in  the 

Synopsis.  It  may  be  premised  that  the  division  of  the  Artio- 
dactyla  into  the  sections  Ruminantia  and  Suina,  and  of  the 
latter  into  the  subsections  Selenodontia  and  Bunodontia  has 
been  abandoned.^ 

Mustela,  sp.  — This  form  {infra,  p.  125)  is  determined  from 
Fig.  1.  Mustela,  sp  Frag-  ^ fragment  of  the  left  ramus  of  the  mandible  (woodcut  fig.  1), 
thrm°andibief*^from''ti^^  wliicli  is  described  and  figured  on  page  177  of  part  I.  of  the 
Mus^eum  “Cat.  Foss.  Mamm.  Brit.  Mus.”  It  indicates  a species  as 

large  as  M.  flavigida. 

Nesokia,  sp. — The  specimen  alluded  to  in  the  synopsis  {infra,  p.  126)  as  Mus. 
(?),  sp.  is  referred  in  the  “ Cat.  Foss.  Mamm.  Brit.  Mus.’  part  I.  p.  226  to  Nesokia; 
it  presents  no  characters  by  which  it  can  be  distinguished  from  N.  hardwicJcei,  Grray. 

Lepus,  sp.  —The  fragment  of  the  mandible  of  a Lepus  mentioned  in  the 
synopsis  {infra,  p.  126)  is  described  in  the  “ Cat.  Foss.  Mamm.  Brit.  Mus.”  pt.  I. 

p.  262. 

Bubalus  buffelus. — The  so-called  B.  palceindicus  (which  occurs  only  in  the 
topmost  Siwaliks  and  the  Narbadas)  is  referred  to  a variety  of  this  species  {vide 
“ Cat.  Foss.  Mamm.  Brit.  Mus.”  pt.  II.  p.  28).  ^ 

Hemibos. — This  genus  (including  three  species)  is  now  merged  in  Bubalus  {vide 
“ Cat.  Foss.  Mamm.  Brit.  Mus.”  pt.  II.  p.  28). 

Strepsiceros  (?)  falconeri,  Lgd.^ — This  is  a new  species  founded  on  part  of  a 
cranium  from  Perim  Island  {vide  “Cat.  Foss.  Mamm.  Brit.  Mus.”  pt.  II.  p.  47). 

Hippotragus  sivalensis,  L?/d.— The  so-called  Antilope  sivalensis  {vide  infra,  p. 
128)  is  referred  to  Hippotragus  {vide  “ Cat.  Foss.  Mamm.  Brit.  Mus.”  pt.  II.  p.  49). 

Cobus. — Two  species  have  been  referred  to  this  genus,  viz.  the  so-called  Antilope 
(?)  patulicornis,  Lyd.  {vide  infra,  p.  128) ; and  a new  species  named  G.  palceindicus., 
Lyd.® 

1 See  part  II  of  the  writer’s  “ Catalogue  of  Fossil  Mammalia  in  the  British  Museum  ” (1885)  and  part  I.  of  “ Catalogue 
of  Siwalik  Vertebrata  in  the  Indian  Museum  ” (Calcutta,  1885).  A few  emendations  in  the  references  to  the  original  descrip- 
tions of  Siwalik  mammals  have  been  made  in  these  works. 

2 ‘ Geol.  Mag.’  dec.  3.  vol.  II.  p.  170  (1885). 


3 “ Cat.  Foss.  Mamm.  Brit.  Mus.  pt.  II.  p.  53  (1885). 
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Alcelaplius  bakeri,  Ljjd} — A new  species  founded  u2)on  a portion  of  a cranium 
in  the  British  Museum  [vide  “ Cat.  Foss.  Mamin.  Brit.  Mus.”  pt.  II.  p.  56).  The 
occurrence  of  the  large  number  of  existing  x4.frican  genera  of  antelopes  confirms 
the  conclusion  that  the  higher  mammalian  fauna  of  Africa  has  immigrated  from  the 
Oriental  region. 

Propalseomeiyx. — This  genus  is  merged  in  Palcvomeryx  [vide  “Cat.  Foss.  Mamm. 
Brit.  Mus.”  pt.  II.  p.  119). 

Camelus  antiquus,  Lydd  [ex  Falc.  Caut.  MS.) — The  chief  characters  by  which 
this  species  is  distinguished  from  C.  sivalemiH  are  its  inferior  size,  the  smooth  enamel 
of  the  teeth,  the  concavity  and  vertical  ridge  in  the  middle  of  the  inner  surface  of 
the  lower  true  molars  (the  ridge  being  only  observable  in  little-worn  teeth),  and  the 
short  deep  mandible.  The  type  remains  are  noticed  in  the  “ Cat.  Foss.  Mamm. 
Brit.  Mus.”  pt.  II.  pp.  145-147. 

Cervus  aristotelis  and  C.  porcinus. — These  existing  Indian  species  have  been 
provisionally  added  to  the  fauna  of  the  Narbadas  (see  “ Cat.  Foss.  Mamm.  Brit. 
Mus.”  pt.  II.  pp.  103,  104). 

Merycopotamus  nanus,  Lijd.^  [ex  Falc.  MS.) — This  species  is  distinguished  from 
M.  dissimilis  by  its  somewhat  inferior  dimensions,  the  relatively  narrower  mandibular 

symphysis,  shorter  jaws,  convex  cranial  profile,  the  absence 
of  a fossa  on  the  outer  side  of  the  mandible  behind  the 
canine,  and  the  great  concavity  of  the  inner  surface  of 
the  third  lower  true  molar.  The  writer  has  not  been  able 
at  present  to  distinguish  between  the  upper  true  molars  of 
this  sjDecies  and  31.  dissimilis ; a detached  tooth  belonging 
to  one  of  the  two  is  represented  in  fig.  2.  The  type 
remains  are  noticed  in  the  “ Cat.  Foss.  Mamm.  Brit.  Mus.” 
pt.  II.  pp.  211-213. 

Merycopotamus  pusillus,  Lyd.^ — This  species  is  founded  on  a fragment  of  the 

right  maxilla  containing  the  third  true  molar,  which  is 
represented  in  fig.  3.  The  specimen  was  collected  from  the 
Siwaliks  of  Kushdlgarh,  below  Attock,  by  Lieuts.  Garnett 
and  Trotter  sometime  previously  to  1865,  and  was  submitted 
by  the  late  Dr.  Oldham  to  Dr.  Falconer,  on  whose  death  it 
was  presented  by  his  brother,  Charles  Falconer,  to  the  British 
Museum.  Being  identified  by  the  present  writer  as  the 
specimen  noticed  in  “ Falconer’s  Paljeontological  Memoirs,” 
vol.  I.  p.  416  under  the  name  of  3£erycopotamus  nanus^,  it  was  transferred  in  1885  to 


Fig.  2.  Merycopotamus,  sp.— A 
right  upper  true  molar  ; from 
the  Siwaliks  of  the  Punjab.  \. 
Indian  Museum  (No.  B.  116). 


Fig.  3.  Merycopotamus  pusillus. 
— The  third  right  upper  true 
molar  ; from  the  Siwaliks  of 
Kushalgarh.  -j.  Indian 
Museum  (No.  B.  324). 


3 ‘ Geol  Mag’  dec.  3.  vol.  I.  p.  54.5  (1884). 


1 “ Geol.  Mag.’  dec.  3.  vol.  II.  pt  II.  p.  170  (1885). 

2 ‘ Rec.  Geol.  Surv.  Ind.’  vol.  XVIII.  p.  78  (1885). 

4 ‘ Rec.  Geol.  Surv.  Ind  ’ vol.  XVIII.  p.  146  (1885). 

5 The  name  M.  nanus  had  been  ap)plied  by  Falconer  in  MS  ipidc  Pal.  Mem.  vol.  II.  p.  407)  to  the  last  species,  before  he 
applied  it  to  the  Kushalgarh  specimen,  which  he  evidently  regarded  as  distinct.  When  the  collection  of  Kushalgarh 
specimens  were  returned  to  India,  a label  bearing  the  name  M.  nanus  was  attached  to  a tooth  referred  to  Dorcatherlmn  {vide 
‘ Palgeontologia  Indica,’  ser.  10.  vol.  I.  p.  62  [44]),  which  led  the  present  writer  to  consider  that  Falconer  had  made  a wrong 
generic  identification. 
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the  Indian  Museum.  The  tooth  differs  from  the  corresponding  molar  of  M.  dissimilis 
or  M.  nanus  (fig.  2)  both  in  its  inferior  size,  and  in  structure.  Its  length  is  0'75, 
and  its  width  0’8  inch  ; and  the  external  surface  of  the  outer  columns  is  less  in- 
wardly inclined,  thus  causing  the  tooth  to  assume  a character  more  approaching  that 
of  Chceromeryx^  which  is  now' provisionally  referred  to  the  Bichodontidce.  Additional 
specimens  are  required  before  anything  more  definite  can  be  said  as  to  the  affinities 
of  the  present  species,  which  may  indicate  the  identity  of  Kemimeryx  with  Meryco- 
potamus. 

Sivameryx. — This  genus  has  been  merged  in  Choeromeryx,  and  the  latter  pro- 
visionally placed  in  the  Dichodontidce  {vide  “ Cat.  Foss.  Mamm.  Brit.  Mus.”  pt.  II.  p. 
165).  The  type  species  is  probably  identical  with  G.  silistrense. 

Anthracotherium,  sp. — Two  specimens  in  the  British  Museum  {vide  “ Cat. 
Foss.  Mamm.  Brit.  Mus.”  pt.  II.  p.  244)  appear  to  indicate  the  existence  of  two 
additional  Siwalik  species  of  Anthracotherium^  but  are  not  sufficiently  perfect  to 
afford  good  grounds  for  specific  determination.  The  large  lower  Siwalik  species 
noticed  in  vol.  II.  p.  176  of  this  work  is  omitted  from  the  synopsis. 

Tetraconodon. — This  genus,  together  with  Elotheriiim  {Entelodon)  is  now  in- 
cluded in  the  Ghceropotamidce  {vide  “ Cat.  Foss.  Mamm.  Brit.  Mus.”  pt.  II.  p.  249). 

Sus,  sp.  (?  nov.).—An  the  accompanying  woodcut  there  is  represented  the  last 
right  lower  true  molar  of  a species  of  Sus  which  is  implanted  in  a fragment  of  a 
mandible  collected  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab,  and  apparently 
indicates  a species  distinct  from  any  of  those  described  in  the  second  part  of  the 

present  volume.^  The  tooth  is  in  a partially  worn 
condition,  and  has  a comparatively  simple  talon. 
It  is  larger  and  somewhat  more  complex  than  the 
corresponding  tooth  of  S.  hysudricus  (pi.  VIII.  figs. 
2,  3) ; and  is  smaller  and  has  a rather  less  complex 
talon  than  m.  3 of  8.  falconeri  (pi.  VII.  fig.  1)  : it 
agrees,  however,  with  the  latter  in  the  lateral  com- 
pression of  the  columns.  It  is  very  nearly  equal  in 
size  to  m.  3 of  8.  cristatus,  but  has  a less  complex  talon,  while  the  main  columns  are 
rather  more  compressed,  and  the  accessory  ones  smaller  and  more  detached.  The 
extreme  length  is  1‘55,  and  the  width  anteriorly  0 *7  inch.  The  greater  part  of  an 
immature  cranium  of  a species  of  Sus  from  the  Siwaliks  in  the  British  Museum  (No. 
M.  2403 — “ Cat.  Foss.  Mamm.  Brit.  Mus.”  pt.  II.  p.  266)  agrees  so  exactly  in  size 
with  the  present  specimen  that  there  is  a great  probability  that  the  two  are  speci- 
fically identical ; but  the  immature  and  imperfect  condition  of  the  British  Museum 
cranium  renders  it  insufficient  to  afford  good  diagnostic  characters,  and  it  is  therefore 
unadvisable  to  assign  to  this  form  a distinct  specific  name,  although  it  is  probably 
different  from  all  the  named  Siwalik  species. 

Hipparion. — An  examination  of  the  Siwalik  specimens  of  Hipparion  in  the 
British  Museum  {vide  “ Cat.  Foss.  Mamm.  Brit.  Mus.”  pt.  III.^)  has  led  to  the  con- 

1 The  specimen  is  noticed  in  the  “ Cat.  Siwalik  Vert.  Ind.  Mus.”  pt.  I.  p.  109  (1S85).  2 in  preparation. 


JFig.  4.  Sus,  sp  The  third  right  lower 
true  molar ; from  the  Siwaliks  of  the 
Punjab.  X-  Indian  Museum  (No.  B. 
438). 
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elusion  that  H.  antilopinus  was  probably  monodactylate  ; and  also  that  the  remains 
from  the  Punjab  described  and  figured  in  the  second  volume  of  this  work  under  that 
specific  heading  not  improbably  belong  to  a distinct  species. 

Rliinoceros  and  Aceratherium. — The  writer  has  come  to  the  conclusion  that 
there  is  no  logical  reason  for  generically  separating  from  IViinoceros  [vide 

“ Cat.  Foss.  Mamin.  Brit.  Mus.”  pt.  HI.^),  since  the  American  forms  ranged  by  Cope 
under  the  names  ApJielops,  Ccenojms^  and  Peraceras  {vide  supra  Ami.  II.  p.  ix.)  indicate 
a complete  transition  between  the  two. 

Mastodon  cautleyi,  n.  sp.  Lyd. — The  difficulty  of  referring  detached  teeth  of 
the  genus  Mastodon  to  their  proper  species  in  cases  where  several  allied  forms  occur 
in  the  same  formation  is  so  great,  that  errors  in  such  determinations  are  almost 
inevitable  unless  a very  extensive  series  of  perfect  specimens  is  forthcoming.  In 
recently  describing  a molar  of  Mastodon  latidens  from  Borneo,  the  present  writer^ 
referred  to  certain  SiAvalik  specimens  in  the  British  and  Indian  Museums  which 
appeared  to  indicate  a more  or  less  complete  transition  between  typical  molars  of 
that  species  on  the  one  hand  and  those  of  M.  perimensis  on  the  other.  A subsequent 
examination  of  the  specimens  in  question  has  however  led  to  the  conclusion  that 
they  cannot  apparently  be  satisfactorily  referred  to  either  one  of  those  species  \ and 
as  there  can  be  no  question  as  to  the  strongly  marked  distinction  between  typical 
molars  of  those  two  species,  it  has  been  thought,  after  considerable  hesitation, 
advisable  to  provisionally  apply  a distinct  specific  name  to  the  aberrant  form, 
which  may  be  called  M.  eautlcyi.  The  alternative  would  be  to  consider  this  form  as 
a variety  of  one  of  the  previously  named  species,  but  the  difficulty  then  arises  of 
saying  with  which  it  should  be  associated,  since  its  upper  molars  present  resemblances 
not  only  to  those  of  the  Siwalik  M.  latidens  and  M.  perimensis^  but  also  to  those  of 
the  European  M.  longirostris. 

The  specimens  on  which  this  provisional  species  is  founded  are  five  in  number, 
and  are  all  cheek-teeth  of  the  upper  jaw;  four  of  them  being  in  an  unworn  con- 
dition. Three  of  these  teeth,  which  are  all  from  Perim  Island,  are  in  the  British 
Museum,  and  are  figured  in  the  “Fauna  Antiqua  Sivalensis,”  under  the  name  of  M. 
latidens:  the  first  (pi.  XL.  figs.  2,  2a)  is  the  right  mm. 4 ; the  second  (pi.  XL.  figs.  3, 
3a)  is  the  left  m.  1,  and  is  refigured  of  the  natural  size  in  woodcut  fig.  5 ; while  the 
third  (pi.  XXXI.  figs.  6,  6a)  is  the  left  m.  3,  and  is  refigured  on  a larger  scale  in  Avood- 
cut  fig.  6.  The  other  tAvo  specimens’  are  in  the  Indian  Museum,  and  are  figured  in  the 
present  Avork  under  the  name  of  M.  perimensis ; the  firsF  (vol.  I.  pi.  XL.)  being  the 
partially- worn  left  m.  1,  with  the  associated  pm.  4,  the  formeP  of  which  apparently 
agrees  precisely  with  the  homologous  British  Museum  specimen,  and  the  other® 
(vol.  III.  pi.  XVI.  fig.  2)  the  imperfect  right  m.2,  in  an  unworn  condition.  All  these 

1 In  preparation.  2 ‘ Proc.  Zool.  Soc.’  1885,  pi.  XLVIII. 

3 “ Cat.  Siwalik  Vert.  Ind.  Mus.”  pt.  1.  p.  97.  No.  A.  48.  (1885).  3£.  perimensis. 

. 4 AVTien  describing  this  specimen  in  Calcutta  the  writer  could  not  identify  it  with  the  one  figured  in  the  “ F.A.S.”  pi. 
XL.  fig.  3,  owing  to  the  small  size  of  the  figures  in  that  work,  which  renders  them  almost  useless  for  comparison. 

5 “ Cat.  Siwalik  Vert.  Ind.  Mus.”  pt.  I.  p.  97.  No  A.  437.  (1885).  31. perimensis. 
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five  specimens  agree  so  exactly  with,  one  another  that  there  can  be  little  or  no 
hesitation  in  referring  them  to  one  and  the  same  species.  Their  essential  characters 
are  that  the  ridges  are  moderately  tall,  and  inclined  forwards  ; the  valleys  partially 


Fig.  5.  Mastodon  cautleyi.  The  first  left  upper  true  molar  in  an  unworn  condition  ; from  Perim 
Island,  x-  British  Museum  (No.  M.  2817).  The  lower  border  of  the  figure  is  the  inner  border  of 
the  specimen. 

blocked  by  accessory  tubercles,  of  which  there  are  none  on  the  outer  side  of  the 
median  longitudinal  cleft.  Tlie  first  inner  column  always  has  accessory  tubercles  on 
both  sides,  and  there  are  similar  tubercles  on  the  hinder  side  of  both  the  second  and 
third  inner  columns  ; the  hind  talon  of  the  ‘ intermediate  ’ molars  (woodcut  fig.  5) 
is  relatively  small ; while  in  unworn  examples  the  hinder  aspect  of  the  outer  column 
of  the  first  ridge  is  deejdy  concave,  and  the  arrangement  of  the  tubercles  on  the 
inner  column  of  the  same  ridge  forms  a V.  The  third  true  molar  (woodcut  fig.  6) 


Fig.  6.  Mastodon  cautleyi.  The  third  left  upper  true  molar,  in  an  unworn  condition  ; from  the  Siwaliks  of 
Perim  Island.  British  Museum  (No.  M.  2705).  The  lower  border  of  the  figure  is  the  inner  border  of  the 
specimen. 

is  very  wide,  tapers  but  little  posteriorly,  and  carries  five  ridges  and  a simple  hind 
talon,  the  latter  consisting  of  a narrow  ridge  with  six  small  tubercles.  All  the  teeth 
are  relatively  wide,  with  a well-marked  median  longitudinal  cleft ; they  appear  to 
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have  no  appreciable  quantity  of  cement  in  the  valleys,  and  when  worn  [supra  vol.  I. 
pi.  XL.)  present  trefoils  on  their  inner  columns. 

Contrasting  these  teeth  with  those  of  M.  latidens,  of  which  species  typical 
examples  of  the  milk-molars  are  figured  in  vol.  I.  pi.  XXXVII.  of  the  present  work^, 
while  typical  true  molars  are  figured  in  pis.  XXXVIII.  and  XXXIX.  of  the  same 
volume,  in  pi.  XXXI.  figs.  3^,  4,  5 of  the  “ Fauna  Anti  qua  Sivalensis,”  and  in  pi. 
XLVIII.  of  the  ‘ Proc.  Zool.  Soc.’  for  1885  (the  latter  figure  being  reproduced  on  a 
smaller  scale  in  woodcut  fig.  7),  it  will  be  seen  that  the  ridges  in  the  latter  species 
are  much  lower,  placed  closer  together,  and  have  a less  distinct  median  longitudinal 
cleft ; while  there  are  no  distinct  accessory  tubercles,  and  the  valleys  are  consequently 
almost  completely  open  : when  worn  [supra  vol.  I.  pi.  XXXVIII.  fig.  2)  the  inner 
columns  present  very  imperfect  trefoils,  and  the  dentine  surfaces  of  the  inner  and 
outer  columns  soon  unite  to  form  a single  transversely  elongated  surface.  The  third 
true  molar  (woodcut  fig.  7 ; see  also  “ F.A.S.”  pi.  XXXI.  figs.  3,  3a,  supra  vol.  I. 


Fig.  7.  Mastodon  latidens.  The  third  left  upper  true  molar  of  a small  individual  in  a partially -worn  condition ; 
from  the  Pliocene  (?)  of  Borneo,  f.  The  lower  border  of  the  figure  is  the  inner  border  of  the  specimen. 
(Eeduced  from  the  figure  in  the  ‘ Proc.  Zool.  Soc.’  1885,  pi.  XLVIII.) 

pi.  XXXIX.  ‘ Proc.  Zool.  Soc.’  1885,  pi.  XLVIII.)  is  very  wide,  tapers  but  little 
posteriorly,  and  carries  five  ridges  and  a hind  talon,  the  latter  being  always  large 
and  frequently  very  wide  (compare  woodcut  fig.  6).  All  the  teeth  are  of  great 
relative  width ; and  pm.  4 [supra  vol.  I.  pi.  XXXVII.  fig.  6)  differs  markedly  from 
the  homologous  tooth  of  M.  cautleyi  [supra  vol.  I.  pi.  XL.) 

Turning  now  to  M.  perimensis  (with  which  the  writer  previously  associated  two 
of  the  type  molars  of  the  new  species)  it  will  be  seen  that  here  also  decided  dis- 
tinctions obtain.  A typical  example  of  the  second  left  upper -true  inolaF  of  this 
species  in  an  unworn  condition  is  represented  in  woodcut  fig.  8,  in  which  the  summits 
of  the  columns  of  the  first  ridge  are  broken  off ; while  other  typical  upper  molars 
are  represented  in  the  “ F.A.S.”  pi.  XXXI.  figs.  9,  9a,  in  Falconer’s  “ Palaeonto- 
logical Memoirs,”  vol.  I.  pi.  IX.  figs.  3-6  (the  one  represented  in  figs.  5,  6 is  the 
right  m.2,  which  agrees  precisely  with  the  one  figured  in  the  accompanying  woodcut 


1 In  the  first  volume  the  normal  three  milk  molars  of  the  Proboscidea  are  termed  mm.  1,  mm.  2,  and  mm.  3. 

2 The  teeth  in  this  (the  type)  specimen  are  ia-2  and  m.S,  but  are  wrongly  described  in  the  index  to  the  plate. 

3 See  ‘ Cat.  Siwalik  Vert.  Ind.  Mus.’  pt.  I.  p.  97.  No.  A.  355.  (1885).  The  specimen  is  there  referred  to  the  right  side. 
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[%.  8].),  and  in  plate  XLII,  of  the  first  volume  of  the  present  work.^  In  the 
unworn  m.2  (woodcut  fig.  8j  accessory  tubercles  («)  are  present  on  the  outer  side  of 

a a a 


Fig.  8.  Ifastodon  perimensis.  The  second  left  upper  true  molar,  in  an  unworn  condition  ; from  the  Siwaliks 
of  Perim  Island.  §.  Indian  Bluseum  (No  A.  355}.  a.  external  accessory  tubercles.  The  lower  border  of 
the  figure  is  the  inner  border  of  the  specimen. 

the  median  longitudinal  cleft,  which  are  attached  to  the  hinder  side  of  each  ridge, 
and  gradually  diminish  in  size  from  the  first  to  the  fourth  ridge  : these  tubercles  are 
also  observable  in  m-  (supra  vol.  I.  pi.  XLIL),  but  are  absent  in  M.  latidens  and  M. 
cauileyi.  Tlie  inner  column  of  each  ridge  has  no  distinct  accessory  tubercle  on  its 
posterior  aspect  in  the  specimen  figured  in  woodcut  fig.  8,  but  a large  one  is  present 
to  each  ridge  in  the  one  figured  in  the  “ F.A.S.”  pi.  XXXI.  figs.  9,  9a.  In  all  the 
above-mentioned  teeth  the  ridges  are  still  higher,  and  more  nearly  vertical  than  in 
M.  cautleyi,  while  the  posterior  surface  of  the  outer  column*  of  the  first  ridge  is  less 
hollowed,  and  the  summit  of  the  unworn  inner  column  of  the  same  frequently  does 
not  form  a complete  V (woodcut  fig.  8)  : the  hind  talon  of  the  ‘intermediate’  molars 
is  relatively  larger  (compare  woodcut  fig.  8 and  Falconer’s  “ Palaeontological 
Memoirs,”  vol.  I.  pi.  IX.  fig.  6 with  woodcut  fig.  5 and  vol.  I.  pi.  XL.  of  the  present 
work) ; the  main  columns  of  the  ridges  have  a more  decided  tendency  to  an  alternate 
arrangement,  and  the  valleys  are  generally  blocked  to  a greater  extent  by  accessory 
tubercles  ; cement  is,  moreover,  present  in  much  greater  quantity.^  The  third  true 
molar  figured  in  vol.  I.  pi.  XLII.  is  long,  narrow,  and  tapering  posteriorly,  and 
carries  five  ridges  and  a complex  hind  talon,  but  a specimen  in  the  British  Museum 
(M.  256)  is  wider  posteriorly.  All  the  teeth  agree  with  those  of  M.  cautleyi  in  pre- 
senting trefoils  on  their  earlier  inner  columns,  but  their  crowns  are  relatively  narrower. 

Having  now  pointed  out  the  characters  in  which  the  present  form  differs  from 
M.  latidens  and  M.  perimensis,  it  remains  to  indicate  how  close  is  the  resemblance 
between  the  molars  of  certain  examples  of  the  three  forms.  In  some  molars  of  M. 

1 The  specimen  figured  in  vol.  I.  pi.  XLI.  fig.  4 of  the  present  work  as  of  M.  perinwisis  has  been  shown  in  vol. 
III.  p.  151  to  belong  to  M.  sivalensis. 

In  some  specimens  (e.  tj.  the  one  represented  in  woodcut  fig.  8)  the  cement  has  fallen  out. 
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latidens,  as  in  the  two  figured  in  pL  XXXI.  figs.  I,  4a  of  the  “ F.A.S.”  there  is  a 
tendency  in  the  ridges  to  become  somewhat  higher,  and  to  the  development  of 
distinct  accessory  tubercles  ; and  there  is  thus  effected  an  almost  complete  transition 
to  M.  caiitleyi.  On  the  other  hand,  it  is  but  a step  from  the  structure  of  the  ‘ inter- 
mediate ’ molars  of  the  latter  to  those  of  M,  ijerimensis,  although  there  is  somewhat 
less  probability  of  a coin^fiete  transition  existing  between  these  two  species. 

.The  ‘ intermediate  ’ molars  of  the  present  form  very  closely  resemble  those  of  M. 
lonf/irostris,  but  the  liind  talon  and  fourth  ridge  are  longer  and  narrower,  the  cusps  on 
the  columns  more  numerous,  and  the  accessory  tubercle  of  the  second  inner  column 
less  developed:  the  third  molar  (judging  by  the  one  example)  also  differs  by  its 
long,  straight,  and  narrow  fourth  ridge  and  talon.  There  can,  however,  be  but  little 
doubt  that  the  two  forms  are  allied. 

As  the  result  of  the  foregoing  comparisons  it  appears  that  the  form  here  known 
as  M.  cautleiji  (whether  it  is  really  entitled  to  rank  as  a species  or  merely  as  a variety) 
probably  passed  imperceptibly  into  M.  latidens,  and  connects  that  species  in  one 
direction  with  M.  lonyirostris,  and  in  another  Avith  M.  perimensis,^  which  is  itself  allied 
to  the  M.  sualensis  and  M.  arvernensis  group.  It  has  been  shown  {infra,  p.  143)  to  be 
not  improbable  that  the  tetralophodont  M.  perimensis  (in  which  M.  cautleyi^  was  then 
included)  is  a more  specialised  form  derived  from  the  stock  of  the  trilophodont  M. 
pandionis^  and  it  appears  that  starting  from  the  generalized  ilf.  angustidens  {infra,  p. 
18)  two  branches  of  more  specialized  forms  may  be  traced,  the  one  (in  which  there 
is  a tendency  of  the  valleys  of  the  molars  to  be  much  blocked  and  their  columns  to 
be  ranged  alternately)  passing  through  M.  pandionis  and  M.  perimensis  to  M.  sivalensis 
and  M.  arvernensis  ; and  the  other  (in  which  the  valleys  remain  more  open  and  the 
columns  of  the  ridges  run  straight  across  the  crowns)  passing  through  M.  longirostris, 
M.  cautleyi,  and  M.  latidens  to  ElepJias  clifti,  and  then  through  the  higher  stegodont 
forms  to  the  true  elephants.  There  are,  however,  signs  that  some  of  the  middle  forms 
of  these  two  branches  Avere  mutually  connected  ; but  the  nature  of  this  connection 
cannot  be  at  present  indicated,  although  it  may  be  suggested  that  in  regions  like 
India  where  several  species  inhabited  the  same  area  there  may  possibly  have  been 
interbreeding  between  the  different  forms.  The  relationship  apparently  existing 
betAveen  M.  caiitleyi  and  ilf.  longirostris  may  help  to  explain  some  of  the  difficulties 
alluded  to  on  page  18  of  this  volume,  and  may  indicate  that  the  transition  from  the 
trilophodont  to  the  tetralophodont  type  in  this  branch  took  place  in  the  regions  to 
the  westward  of  India.^ 

As  regards  distribution,  31.  cautleyi  apparently  occurs  only  in  Perim  Island  and 
the  western  Punjab ; while  M.  latidens  occurs  not  only  in  these  regions  and  Sind, 
but  extends  through  the  typical  Siwalik  Hills,  and  thence  to  Burma  and  Borneo. 

1 In  the  first  volume  from  not  having  distinguished  II.  cautleyi  trom  M.  perimensis  the  writer  regarded  the  latter  as  more 
nearly  allied  to  M.  longirostris  than  to  M.  arvernensis. 

2 In  its  short  and  wide  m 3 M.  cautleyi  comes  nearer  to  M.  pandionis  than  does  M.  perimensis  : the  latter,  however,  agrees 
with  the  trilophodont  species  in  its  more  abundant  cement. 

3 Note  4 on  page  1 8 should  be  confined  to  M.  arvernensis. 
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This  distribution  is  of  peculiar  interest  in  regard  to  the  apparent  relationship  of  M. 
cautleiji  to  the  European  hi.  longirostris,  and  of  its  cousin  M.  latidens  to  Elephs  clifti^ 
and  thus  to  the  higher  stegodonts,  which  are  especially  characteristic  of  the  typical 
Siwalik  Hills  and  the  countries  to  the  eastward  {vide  infra,  p.  18). 

With  regard  to  the  milk-molars  figured  in  plate  XVII.  of  the  present  volume 
under  the  name  of  M.  perimensis,  it  is  very  difficult  to  determine  whether  they 
belong  to  that  species  as  now  restricted,  or  to  M.  caatleyi.  The  small  hind  talon  of 
the  specimen  represented  in  figs.  3,  3a  (which  Falconer  had  labelled  M.  latidens^) ^ 
coupled  with  the  comparative  clearness  of  its  valleys,  and  the  absence  of  any 
distinctly  alternate  arrangement  of  its  columns,  render  it,  however,  not  improbable 
that  this  specimen  should  be  referred  to  M.  cautleyi.  The  writer  has  at  present  been 
unable  to  refer  any  lower  teeth  to  the  latter  form.^ 

Mastodon  angustidens. — On  page  32  of  the  present  volume  two  teeth  were 
described  and  provisionally  regarded  as  upper  milk-molars  of  M.  falconeri ; the  more 
perfect  example  being  figured  in  the  woodcut  on  the  same  page  (reproduced  in  fig* 


Fig.  9.  2Iastodo}i  angustidens  var.  palccindicus. 

The  first  and  second  ridges  of  the  first  right 
lower  true  molar,  in  a half-worn  condition  ; 
from  the  Lower  Siwaliks  of  Sin  1 or  the  regions 
to  the  north  or  west,  p British  Rluseum. 

(No.  40788). 

sists  of  the  second  and  third  ridges  of  the  homologous  tooth,  in  a somewhat 
earlier  stage  of  wear.  It  is  not  improbable  that  both  specimens  were  obtained  from 
the  Biigti  Hills  or  Dera  Bugti  {vide  infra  page  1). 

Mastodon  pandionis. — It  may  be  advisable  to  note  here  that  the  tooth  figured  in 
vol.  I.  pi.  XXXII.  fig.  4 under  the  name  of  M.  falconeri  been  referred  on  page 
30  of  the  present  volume  to  M.  pandionis. 

A penultimate  lower  milk-molar  of  a Mastodon  from  Perim  Island  in  the 
collection  of  the  British  Museum  which  has  recently  come  under  the  writer’s  notice 
affords  some  clue  to  the  vexed  question  of  the  specific  determination  of  the  milk- 
molars  figured  in  vol.  I.  pis.  XXXII.  figs.  2,  3,  and  XXXIII.  fig.  2,  of  which 

1 Vide  infra. -p.  151. 

2 It  is  not  improbable  that  one  of  the  specimens  of  mandibular  symphyses  figured  in  vol.  1.  pi.  XLIII.  under  the  name 
of  M.  perimensis  may  belong  to  M.  cautleyi,  as  both  differ  somewhat  from  the  mandible  of  the  former  described  on  p.  245  of 
the  same  volume. 


9).  A re-examination  of  these  specimens  has, 
however,  convinced  the  writer  that  he  was 
mistaken  in  regarding  them  as  complete  teeth, 
and  that  they  are  really  imperfect  examples  of 
the  first  right  lower  true  molar  of  M.  angustidens 
var.  palceindicus.  The  figured  specimen  com- 
prises the  first  and  second  ridges,  and  its 
identity  with  ni.  1 of  that  species  may  be  seen 
by  comparing  the  woodcut  with  the  specimen 
represented  in  plate  IV.  fig.  8,  which  belongs 
to  the  ojiposite  side  of  the  jaw,  and  is  in  a 
somewhat  more  worn  condition.  The  second 
specimen  (British  Museum.  No.  32503)  con- 
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the  affinities  are  discussed  on  pp.  32  and  151  of  the  present  volume.^  This  tooth, 
which  is  figured  in  the  woodcut  fig.  10,  agrees  precisely  with  the  homologous  tooth 


Fig.  10.  (?)  Mastodon  pandionis.  The  third  (penultimate)  left  lower  milk-molar;  from  Perim  Island. 


Viewed  from  the  grinding  and  outer  lateral  aspects.  British  Museum.  (No  40779). 

figured  in  vol.  I.  pi.  XXXIII.  fig.  2,  and  exhibits  the  vertically  grooved  enamel 
characteristic  of  the  true  molars  of  M.  pandionis.  This  shows  that  both  in  Perim 
Island  and  the  Punjab  the  true  molars  of  that  species  are  accompanied  by  trilopho- 
dont  milk-molars  exhibiting  a similar  structure  of  the  enamel ; and  the  primu  facie 
presumption  therefore  is  that  both  types  of  teeth  belong  to  the  same  species.  If  this 
be  so  the  milk-molars  figured  in  vol.  I.  apparently  indicate  a variety  of  M.  pandionis 
in  which  the  valleys  of  the  earlier  ^ intermediate’  molars  are  less  blocked  than  usual, 
and  thereby  approximate  to  the  corresponding  teeth  of  M.  pentelici ; with  which 
species  the  penultimate  milk-molars  agree  in  their  tendency  towards  a tetralophodont 
type  of  structure.^  The  present  specimen  agrees  very  closely  with  mm.  a of  the 
last-named  species,^  but  mm.  3 of  the  Indian  form  is  relatively  shorter  and  wider.  In 
its  laterally  compressed  form  the  young  Punjab  mandible  described  in  vol.  I.  p.  205 
of  the  present  work  agrees  with  the  adult  mandible  of  M,  pandionis. 

The  apparent  absence  of  premolars  in  the  skull  to  which  the  specimens  figured 
in  the  first  volume  belong  may  perhaps  be  due  either  to  an  individual  peculiarity,  or 
to  their  late  development.  If  this  identification  be  correct  the  specimens  figured  in 
vol.  I.  pis.  XXXV.  fig.  3,  and  XXXVII.  fig.  3,  and  provisionally  regarded  respec- 
tively as  the  upper  and  lower  penultimate  milk-molars  of  M.  pandionis  are  not  rightly 
determined.  The  occurrence  of  M.  pentelici  in  Persia  [vide  infra.)  is  especially 
interesting  in  view  of  the  affinity  to  that  species  presented  by  M.  pandionis  [infra,  p. 
154) ; an  affinity  which  will  be  rendered  still  closer  if  the  milk-molars  under 
discussion  are  rightly  referred  to  that  species. 

RANGE  OF  SIWALIK  MAMMALIA. 

General. — Our  knowledge  of  the  range  of  many  of  the  Siwalik  Mammalia  into 
the  regions  to  the  eastward  of  Burma^  has  been  considerably  increased  by  recent 
discoveries. 

1 The  redetei’mination  of  the  specimens  noticed  in  the  preceding'  paragraph  removes  one  obstacle  to  the  reference  of  the 
specimens  in  question  to  M.  falconeri ; but  their  intrinsic  characters  (now  that  the  specimen  represented  in  vol.  I.  pL  XXXII. 
fig.  4 has  been  shown  to  belong  to  M.  pandionis)  forbid  that  view. 

2 See  Gaudry  “ Les  Enchainements,  etc.— -Mammiferes  Tertiaries,”  pp.  1§0,  181,  fig.  211.  (1878). 

3 Gaudry  “ Anirnaux  Fossiles  et  Geologie  de  1’  Attique,"  pi.  XXII.  fig.  3.  4 Vide  supra  vol.  II.  pp.  65,  66. 
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Java. — Herr.  K.  Martin^  has  described  some  fragments  of  molars  of  a stegodont 
elephant  from  Java,  which  it  is  suggested  may  not  improbably  belong  either  to 
Elephas  insignis  or  E.  homhifrons. 

Borneo. — The  present  writer^  has  described  and  figured  a last  upper  true  molar 
of  Mastodon  latidens  from  Borneo,  which  indicates  the  occurrence  of  a small  race  of 
this  species  in  that  island  ; a small-sized  figure  of  this  tooth  is  given  in  woodcut  fig. 
7 (page  xvi.). 

China.- — From  China  a lower  molar  of  a species  of  Hymnarctos  (fig.  11)  has 

been  described  and  figured  by  the  present  writer,®  which 
may  perhaps  be  identical  with  one  of  the  Siwalik  species. 
Part  of  the  left  maxilla  of  a species  of  Sus  from  a cave 
in  Sechuen,  N.  W.  China  has  been  provisionally  identi- 
fied by  the  writer^  with  Sus  giganteus.  Dr.  Ernst 
Koken®  has  recently  described  and  figured  a considerable 
series  of  Mammalian  teeth  collected  by  Baron  von. 
Richthofen  from  caves  in  the  .province  of  Yunnan, 
which  lies  immediately  south  of  Sechuen  (Szechuen),  whence  the  greater  number 
of  the  original  specimens  described  by  Sir  Richard  Owen®  were  obtained.  In- 
cluding the  forms  previously  identified  by  the  present  writer  (indicated  by  an 
asterisk).  Dr.  Koken  gives  the  following  list  of  Siwalik  species  which  range  into 
China,  viz. 


Fig.  11.  Hymnarctos.  sp  Second 
right  lower  true  molar  ; from  the 
Pliocene  (?)  of  S.  China, 
British  Museum  (No.  28588). 


Mastodon  perimensis,  var.  sinensis.^ 
>>  (‘^/•)  pandionis. 

^Elephas  clifti. 

* „ insignis. 


Elephas  {cf.)  bombifrons. 

Rhinoceros  blanfordi,®  var.  hipparionum. 
,,  sivalensis. 


A species  of  Hipparion  is  described  under  the  name  of  E.  richthofeni  and  is 
considered  to  be  very  close  to  H.  antilopinus.  Additional  teeth  of  Hycena  sinensis^ 
Owen,  are  described ; and  that  species  is  considered  distinct  from  11.  felina,  but  ex- 
tremely near  to  an  unnamed  Siwalik  maxilla  figured  in  vol.  II.  pi.  XXXVA.  fig.  4 
of  this  work.®  In  regard  to  Rhinoceros  sivalensis  it  may  be  mentioned  that  the  last 
true  molar  figured  by  Owen  in  the  ‘ Quart.  Journ.  Geol.  Soc.’  vol.  XXVI.  pi.  XXIX. 
figs.  1,  2 under  the  name  of  R.  sinensis  is  identified  with  that  species;  but  that  the 
outer  lamina  of  an  upper  premolar  represented  in  fig.  3 of  the  same  plate  is  con- 
sidered distinct,  and  the  name  R.  sinensis  retained  for  it : under  the  latter  name  Dr. 
Koken  figures  (pi.  VI.  fig.  1)  a perfect  upper  premolar,  which  precisely  resembles 
Owen’s  specimen.  Now  since  it  is  most  probable  that  the  two  specimens  figured  by 


1 ‘ Beitr.  Geol.  Ost.  Asiens  u.  Australiens,’  vol.  IV.  pt.  I.  (1884). 

2 ‘Proc.  Zool.  Soc.’  1885,  pi.  XLVIII.  3 “Cat.  Foss.  Mamm.  Brit.  Mus.”  pt.  I.  pp.  156,  157  (1885). 

4 Ibid.  pt.  II.  p.  270.  No.  M.  2462  (1885).  5 . ‘ Palaeontologische  Ahhandlungen,’  vol.  III.  pt.  2 (1885). 

6 ‘ Quart.  Journ.  Geol.  Soc.’  vol.  XXVI.  (1870). 

7 The  writer  is  hy  no  means  sure  that  the  specimen  on  which  this  determination  rests  (Koken,  op.  cit.  pi.  VII.  fig.  1, 
erroneously  described  in  the  description  of  the  plate  as  belonging  to  the  left  side)  is  not  the  imperfect  inTs  of  a trilophodont 
species. 

8 Syn.  Aceratherium  blanfordi.  9 Dr.  Koken  misquotes  the  plate  as  XXVIa. 
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Owen  belong  to  the  same  individual,  while  Koken’s  upper  premolar  apparently 
agrees  precisely  with  the  homologous  tooth  of  R.  sivalensis  figured  in  vol.  II.  pi.  V. 
fig.  6 of  this  work,  there  seems  no  reason  for  separating  the  Chinese  premolars  from 
the  true  molars,  and  assuming  that  Dr.  Koken  is  correct  in  identifying  the  latter 
with  B.  sivalensis  the  name  B.  sinensis  should  be  abolished. 

Persia. — On  page  xv.  of  the  preceding  volume  the  occurrence  of  fossil  mam- 
mals at  Maragha  in  north-western  Persia  was  briefly  noticed.  Further  observations 
on  this  fauna  have  been  published  by  Messrs  Polilig,^  and  Rodler,^  and  the  present 
writer  has  recently  communicated  a paper  to  the  Geological  Society^  recording  the 
species  and  genera  mentioned  by  those  palaeontologists  and  Herr  Grewingk,^  and 
adding  some  others.  The  majority  of  the  mammals  (with  the  exception  of  some 
later  forms)  appear  identical  with  Pikermi  species ; but  the  French  Felis  hrevirostris 
and  Bhinoceros  blanfordi  of  the  north-west  frontier  of  India  and  China  are  also  met 
with,  as  well  as  a Bhinoceros  apparently  connecting  B.  antiquUatis^  with  B.  platyrhinus. 
It  is  suggested  that  the  Maragha  beds  may  be  somewhat  newer  that  the  lower 
pliocene,  but  tlie  relations  of  the  newer  types  to  those  characteristic  of  the  Pikermi 
beds  are  not  yet  determined.  The  apparent  almost  total  absence  of  eastern  Siwalik 
forms  is  noticed,  and  the  suggestion  made  that  there  appears  a decided  distinction  as 
regards  species  between  the  pliocene  faunas  of  the  Palsearctic  and  Oriental  regions. 

LISTS  OF  NON-INDIAN  MAMMALIA. 

General. — The  writer’s  examination  of  the  non-Indian  fossil  Mammalia  in  the 
British  Museum  during  his  preparation  of  the  Catalogue  of  that  collection  has 
enabled  him  to  make  several  emendations  in  the  lists  given  in  this  and  the  preceding 
volumes  of  the  same  series ; the  most  important  of  which  may  be  noticed. 

Elephantidse  [supra  vol.  I.  p.  283). — The  name  M.  americanus  (Cuvier)  is  the 
correct  one  for  M.  maxinius.  All  the  specimens  figured  in  the  “ F.A.S.”  pis.  XXXV., 
XL.,  and  XLII.  (some  of  which  are  refigured  in  Falconer’s  “ Palseontological 
Memoirs,”  vol.  1.  pi.  VIII.  and  vol.  II.  pis.  I.  and  II.)  with  the  exception  of  the  one 
in  pi.  XL.  fig.  15  under  the  name  of  M.  andium,  and  so  referred  to  in  the  first 
volume  of  this  work,  really  belong  to  M.  humholdti.  The  mandible  of  M.  andium 
(the  preferable  name  for  which  appears  to  be  M.  cordillerum)  has  a long  symphysis 
with  tusks.® 

Ursidse. — Amphicyon  hrevirostris  [supra  vol.  II.  p.  247)  is  referred  to  Gephalogale 
[vide  “ Cat.  Foss.  Mamm.  Brit.  Mus.”  pt.  I.  p.  147). 

Anthracotheriidae. — In  reference  to  the  list  of  species  of  Anthracotherium  given  in 
vol.  II.  pp.  148,  149  it  may  be  mentioned  that  a more  complete  one  is  given  by 
Teller  in  the  ‘ Beitr.  Pal.  Ost.  Ung.’  vol.  IV.  pt.  I.  (1884).  The  so-called  Hyopotamus 
gresslyi  [supra  vol.  II.  p.  157)  has  been  referred  to  Anthracotherium  [vide  “ Cat.  Foss. 

1 ‘Verb.  k.  k.  geol.  Eeichs,’  lfJ84,  pp.  281  — 284.  2 Ibid  1886.  No.  14.  3 Eead  January  27th,  1886. 

4 Vide  supra,  vol.  I.  p.  xv.  5 Syn.  E.  ticJiorhinus. 

6 Vide  Cope,  ‘ Proc.  Amer.  Phil.  Soc.’  vol.  XXII.  (No.  117)  pp.  5,  6 (1884).  A list  of  the  American  species  is  given  in 
this  paper,  and  in  another  published  in  the  ‘ Amer.  Nat.’  vol.  XVIII.  pp.  624-526  (1884). 
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Mamm.  Brit.  Mas.”  pt.  II.  p.  244).  The  fragment  of  a maxilla  with  two  molars  of 
an  Anthracotherium  from  Piedmont  in  the  British  Museum  noticed  in  vol.  II.  pp.  151, 
153  as  A.  cuvieri  has  been  provisionally  referred  to  A.  alsaticum  {vide  ‘‘  Cat.  Foss. 
Mamm.  Brit.  Mus.”  pt.  II.  p.  240.— No.  M.  75). 

Suidee. — In  the  list  of  species  of  Hyotherium  given  on  pp.  92-94  of  this  volume, 
it  appears  probable  that  both  H.  meissneri  and  H.  suillum  are  synonyms  of  H.  typum ; 

' H.  majus  is  probably  equivalent  to  H.  soemmeringi ; while  the  so-called  Ghwromorus 
simplex  is  apparently  entitled  to  rank  as  a distinct  species,  and  may  be  known  as 
H.  simplex  {vide  “Cat.  Foss.  Mamm.  Brit.  Mus.”  pt.  II.  pp.  254,  257,  258).  The 
species  mentioned  on  page  52  of  this  volume  (on  the  authority  of  Prof.  Gaudry) 
under  the  name  of  Bus  steinheimensis  apparently  belongs  to  Hyotherium.  Bus 
choeroides  {infra,  p.  51)  is  a middle  miocene  form. 

Since  the  second  part  of  this  volume  was  published  a new  existing  species  of 
Bus  from  Borneo  has  been  described  by  Dr.  A.  Nehring^  as  B.  longirostris,  who 
regards  it  as  allied  to  8.  verrucosus.  In  the  same  paper  that  writer  does  not  accept 
Prof.  Forsyth-Major’s  limitation  in  the  number  of  the  existing  species  {vide  infra,  p. 
50).  The  pliocene  north  African  form  noticed  on  page  77  has  been  referred  by  M. 
P.  Thomas^  to  another  new  species  under  the  name  of  B.  phacochoeroides.  Species 
of  Cynocephalus,  Hipparion,  Equus,  etc.,  are  recorded  from  tlie  same  region. 

Hippopotamidse.— The  specimens  in  the  British  Museum  indicate  that  Hippopo- 
tamus pentlandi  {infra,  p.  37)  is  decidedly  smaller  than  the  existing  race  of  H. 
amphibius,  and  also  show  differences  in  the  form  of  some  of  the  limb-bones  {vide 
“ Cat.  Foss.  Mamm.  Brit.  Mus.”  pt.  II.  p.  287). 

Equidse. — In  the  list  given  in  vol.  II.  pp.  71,  72  Equus  devillei.,  E.  micrognathus, 
and  E.  piscenensis  are  American  forms  distinct  from  E.  caballus.  E.  arcidens,  Owen, 
appears  indistinguishable  from  E.  principalis,  Lund,  {vide  “ Cat.  Foss.  Mamm.  Brit. 
Mus.”  part  III.®).  - <- 

Rhinocerotidse. — As  mentioned  above,  the  writer  now  proposes  to  include  Acera- 
therium  in  Rhinoceros.  In  the  list  of  species'^  given  in  vol.  II.  pp.  3-7  Rhinoeeros 
cimogorrhensis  is  equivalent  to  /?.  simorrensis  (the  former  name  having  the  priority) ; 
R.  mercld  and  R.  Idrkbergensis,  Jager,  are  synonyms  of  R.  megarhinus,  Christol,  and 
not  of  R.  leptorhinus,  Owen ; while  R.  lunelensis,  Glervais,  is  probably  equivalent 
to  the  latter,  instead  of  the  former.  Apparently  all  the  specimens  on  which  R. 
sinensis  was  founded  belong  to  R.  sivalensis.  The  formula  of  the  cutting-teeth  of 
the  so-called  Peracems  {vide  vol.  II.  p.  ix.®)  according  to  a later  memoir  of  Prof. 
Cope®  is  I ^ C J (or  I ^ C ?)  instead  of  I ^ C 

1 ‘ Zoologischen  Anzeiger,”  vol.  VIII.  pp.  347-353  (1885). 

2 ‘ Mem.  Soc.  Geol.  France,’ ser.  3.  vol.  III.  art.  2.  (1884).  3 In  preparation. 

4 The  specimens  from  Quercy  originally  referred  to  JJ.  minutus  were  subsequently  shown  by  Filhol  (Ann.  Sci.  Geol.  ’ 
vol.  XI.  art.  I;  p.  4)  to  belong  to  R.  croizeti. 

5 In.  note  1 on  that  page  the  volume  and  date  (XIV-1880)  are  inadvertently  omitted. 

6 ‘Proc.  Amer.  Phil.  Soc.’  1881,  p,  393. 
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SIWALIK  BIRDS. 

Distribution  of  Struthio. — In  reference  to  tlie  distribution  of  8.  camelus  and  8. 
asiaticus  {infra,  pp.  144-5)  it  may  be  observed  that  Professor  A.  Newton^  mentions 
that  the  existing  species  formerly  occurred  in  Assyria,  and  that  it  may  still  exist  in 
the  Kirwan  district  of  eastern  Persia,  whence  it  may  stray  into  Turkestan ; it  is 
also  stated  that  there  are  assertions  of  its  former  occurrence  in  Sind  and  Baluchistan, 
but  these  are  insufficiently  authenticated.  This  evidence  is  extremely  important  as 
connecting  the  distributional  areas  of  the  recent  and  fossil  species. 

Dromaeus. — Among  the  Siwalik  collection  in  the  British  Museum  the  writer  has 
found  specimens  which  have  convinced  him  that  the  phalangeals  described  on  pp. 
145-6,  and  figured^  in  pi.  XIV.  figs.  2,  4,  5,  6,  under  the  name  of  Dromceus  (?) 
sivalensis  really  belong  to  an  ungulate  mammal  allied  to  Hippopotamus. 

SIWALIK  AND  NARBADA  CHELONIA. 

8pecies  of  Batagur. — It  may  be  mentioned  that  the  so-called  B.  iravadicus,  Ander- 
son® is  omitted  from  the  lists  of  Batagur  given  on  pp.  187  and  195,  since  it  presents 
no  characters  by  which  it  can  be  palseontologically  distinguished  from  B.  trivittatas, 
with  which  Mr.  Tlieobald^  thinks  it  may  be  identified.®  For  the  smaller  species 
referred  by  Dr.  Anderson  to  Batagur,  Mr.  Theobald  retains  the  genus  Morenia. 

Trionyx,  sp. — Attention  may  be  directed  to  the  redetermination  on  page  255  of 
the  specimens  described  and  figured  on  page  206. 

SIWALIK  CHELONIA,  OPHIDIA,  AND  LACERTILTA. 

The  name  Gharialis. — The  writer  follows  Mr.  Theobald®  in  adopting  the  name 
Gharialis  in  place  of  Gavialis,  which  was  founded  on  a misspelling  of  the  native 
name  gharial : the  retention  of  the  h in  the  first  syllable  cannot,  however,  be  defended 
in  strict  Latinity. 

Eocene  pythons. — On  account  of  differences  in  the  vertebrae  Python  cadurcensis 
{infra,  p.  237)  has  been  made  the  type  of  the  new  genus  Paleeopython,  Rochebrune’’ ; 
a second  species  from  Quercy  being  described  in  the  same  memoir  under  the  name 
of  P.  filhoti.  Pictet’s  Swiss  forms  are  referred  to  the  same  genus. 


March  \st,  1886. 


1 “Encyclopaedia  Britannica,”  Oth  ed.  vol.  XVIII.  p.  62  (1885) — ‘ Ostrich.’ 

2 The  description  of  the  plate  has  been  revised.  3 “ Expedition  to  Western  Yunnan,”  p.  736  (1878). 

4 “ Mason’s  Burma,”  vol.  I.  p.  339  (1882). 

5 Dr.  Anderson  adopts  the  name  B.  duvaucelli  for  B.  dhongoka,  and  B.  lineatus  for  B.  kacliuga. 

6 “ Catalogue  of  Reptiles  of  British  India,”  p.  37-  (1876).  This  amended  name  is  also  adopted  by  Mr.  Blanford  in  the 
“ Manual  of  the  Geology  of  India,”  pt.  2.  p.  580.  (1879),  and  in  his  address  to  the  Geological  section  of  the  British  Associa- 
tion, 1884,  p.  5. 

7 ‘ Nouv.  Arch.  d.  Museum,’  ser.  2,  vol.  III.  pp.  276-277  (1880). 
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PLATE  XIV. 

Aves  (and,  errorim,  Ungulata). 

Leptoptilus  falconeri  (M.  Edws.).  Distal  extremity  of  the  left  humerus,  viewed 
from  the  palmar  aspect ; from  the  Siwalik  Hills.  British  Museum,  (No,  18,435). 

First  and  second  phalangeals  of  Ungulate  Mammals  described  on  pp.  1 15-146  as  Avian, 
under  the  name  of  Dromcciis  (.?)  sivaleiisis  (see  introduction  to  volume);  from  the 
Siwaliks.  Indian  Museum  (Nos.  E.  1-1). 

Mergus  (.?)  -sp.  Early  cervical  vertebra  ; from  the  Siwaliks  of  the  Punjab.  Indian 
Museum  (No.  E.  212).  3 from  the  haemal,  3a  from  the  anterior,  3b  from  the  neural 

aspect. 

CicoNioiD,  gen.  non.  det.  Fourth  cervical  vertebra  ; from  the  Siwaliks  of  the  Punjab 
Indian  Museum  (No.  E.  8).  7 from  the  right  lateral,  7a  from  the  anterior,  7b  from 

the  posterior,  7c  from  the  neural,  7d  from  the  haemal  aspect. 

SxRUTHioiD,  gen.  non.  det.  Second  phalangeal  of  the  middle  (third)  digit  of  the  foot ; 
from  the  Siwalik  Hills.  British  Museum  (No.  39,733).  From  the  anterior  aspect. 

Leptoptilus  falconeri  (M.  Edws.).  Distal  extremity  of  the  right  tibia  ; from  the 
Siwaliks  of  the  Punjab.  Indian  Museum  (No.  E.  10)'.  9 from  the  anterior,  9a  from 

the  posterior,  9b  from  the  distal  aspect. 

Phalacrocorax  (.?)  sp.  Proximal  half  of  the  tarso-metatarsus ; from  the  Siwalik 
Hills.  British  Museum  (No.  39,742).  10  from  the  anterior,  10a  from  the  posterior 

aspect. 

Pelecanus  cautleyi,  Davies.  Distal  extremity  of  the  left  ulna ; from  the  Siwalik 
Hills.  British  Museum  (No.  39,740).  11  from  the  external,  11a  from  the  palmar 

aspect. 

Leptoptilus  falconeri  (M.  Edws.).  First  phalangeal  of  the  outer  (fourth)  digit  of 
the  right  foot ; from  the  Siwaliks  of  the  Punjab.  Indian  Museum  (No.  E.  9). 
From  the  anterior  aspect. 

Gen.  non.  det.  First  phalangeal  of  the  median  (third)  digit  of  the  fool ; from  the 
Siwaliks  of  the  Punjab.  Indian  Museum.  From  the  anterior  aspect. 

Leptoptilus  falconeri  (hi.  Edws.).  Distal  extremity  of  the  left  tarso-metatarsus  ; 
Siwalik  Hills.  British  Museum  (No.  39,736).  From  the  anterior  aspect. 


* All  the  figures  natural  size. 
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ADDITIONAL  SIWALIK  PERISSODAOTYLA  & PROBOSCIDIA. 

By  B.  LYDP]KKER,  B.A.,  F.a.S.,  F.Z.S. 

(WITH  PLATES  I.  to  V.) 


INTRODUCTORY. 

Since  tlie  publication  of  tlie  supplementary  memoir  on  Siwalik  Proboscidia,  and 
tlie  memoirs  on  the  Rhinocerotidce  and  Equidce  in  the  preceding  volume  of  this  work, 
other  remains  of  these  groups  from  the  Siwaliks  have  been  acquired  by,  or  lent  to, 
the  Indian  Museum.  Some  of  these  later  acquisitions  belong  to  one  or  more  new 
species  ; others  to  a species  new  to  India ; while  others  illustrate  more  fully  than 
heretofore  a previously  known  Indian  species. 

In  the  present  memoir  the  most  important  of  these  new  specimens  are  described 
and  figured;  and  in  order  to  illustrate  their  affinities  more  fully,  the  figures  of 
certain  specimens  from  the  earlier  volumes  have  been  reproduced  by  the  side  of 
those  of  the  new  specimens.^ 

Since  lists  of  species,  together  with  the  chief  dental  characters  of  the  genera 
treated  of  in  this  memoir,  have  been  already  given  in  the  two  preceding  volumes, 
the  description  of  the  species  may  be  undertaken  without  |)reliminary  matter. 

It  will  save  space  to  mention  here  that,  with  the  exception  of  the  remains  of 
Biqoqjotheriiim,  the  whole  of  the  specimens^  forming  the  subject  of  the  present  memoir 
were  collected  in  1882  by  Mr.  W.  T.  Blanford  from  the  lower  Siwaliks,  or 
Manchhars,  of  the  extreme  western  side  of  India ; the  two  most  important  localities 
being  Gandoi,  in  the  Bugti  Hills,  north  of  Jacobabad,  in  Sind;  and  Dera  Bugti,  on 
the  north-eastern  frontier  of  Baluchistan. 

1 An  additional  reason  for  reproducing-  some  of  these  figures  was  their  unsatisfactory  execution. 

2 These  do  not  of  course  include  the  specimens  from  the  tertiaries  of  other  districts  figured  to  illustrate  more  fully  the 
affinities  of  Mr.  Blanford’s  specimens. 
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Oeder  : UNGULATA.i  Sub-Order  : PERISSODACTYLA. 

Family  : RHINO  CEROTIDjH. 

Genus:  ACERATHERIUM,  Kaup. 

Species : Aceratherium  blanfordi,  n.  sp.,  nobis. 

Ilistorij. — In  the  preceding  volume  of  this  work  a much  battered  left  maxilla  of 
a small  rhinoceros  from  the  Siwaliks  of  the  Punjab,  containing  pm.  4,  m.  I,  and  m.^^ 
is  figured'^  and  briefly  described.^  It  was  there  pointed  out  that  the  sjiecimen 
apparently  came  nearest  to  R.  loalceindicus,  among  the  Siwalik  rhinoceroses ; and  that 
if  not  the  same,  it  indicated  a new  Siwalik  species  : it  Avas,  however,  added  that 
there  did  not  seem  any  evidence  at  present  to  Avarrant  us  in  separating  the  two,” 
and  the  Punjab  specimen  Avas,  therefore,  provisionally  referred  to  R.  'palcoindicus. 

The  evidence  for  the  specific  distinctness  of  the  form  to  AA''hich  this  imperfect 
specimen  belonged  has  been  afforded  by  the  more  perfect  specimens  forming  the 
subject  of  the  present  notice.^ 

Upper  molars  of  larger  race. — In  plate  I.,  fig.  1,  there  are  represented  the  three 
left  upper  true  molars  of  a rhinoceros  from  Dera  Biigti ; in  Avhich  the  Avell-Avorn 
condition  of  the  masticating  surface  indicates  that  they  belonged  to  a fully  adult 
animal : the  first  and  third  teeth  are  somewhat  damaged,  but  the  middle  tooth  is 
perfect. 

The  latter  tooth  (of  Avhich  another  specimen  from  Gandoi,  in  a less  worn 
condition,  is  represented  in  fig.  2 of  the  same  jdate)  is  characterized  by  the 
comparatively  small  development  of  the  buttress^  at  the  antero-external  angle;  so 
that  the  second  costa  (c)  jDrojects  but  slightl}^  above  the  plane  of  the  external  surface 
[dorsum)  of  the  croAvn ; while  the  external  surface  of  the  first  costa  [d)  is  placed 
very  nearly  in  the  same  plane.  Behind  the  second  costa  the  dorsum  is  distinctly 
concave,  especially  near  the  free  edge,  but  this  concavity  is  much  less  marked  than 
in  many  species.®  The  crown  is  worn  into  an  irregular  concaAuty,  as  in  most 
rhinoceroses.  The  anterior  collis  (a)  is  relatively  large ; and  at  a short  distance 
from  its  inner  extremity  is  constricted  by  a deep  groove  on  either  side.  On  the 
outer  side  of  the  hindmost  of  these  grooA^es  there  is  a bold  ante-crochet  (/),  2Arojecting 
into  the  median  valley  ; the  bottom  of  Avhich  is  thus  comjiletely  obstructed  in  the 
middle.  Externally  to  this  obstruction  the  median  valley  again  exjiands  and 
deejDens  ; the  form  of  the  terminal  jiortion  being  rounded  in  all  early  stages  of  AA^ear. 

1 In  accordance  with  the  classification  recently  proposed  hy  Prof.  Flower  (‘  Fro.  Zool.  Soc.,’  1883,  pp.  184-5)  the 
Prohoscidia  will  be  reckoned  as  a suh-order  of  the  Ungulata. 

2 Plate  VI.,  fig.  1.  3 Pages  44-45. 

i These  specimens  have  been  hriefl)^  noticed  in  the  “Records”  (vol.  XVI.,  p.  72),  when  it  was  thought  the  mandible 
resembled  that  of  the  African  species,  which  turns  out  not  to  he  the  case. 

5 For  these  terms  see  vol.  II.,  p.  8.  3 This  concavity  is  most  marked  in  the  specimen  represented  in  fig.  2. 
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At  the  entrance  to  the  same  valley  there  is  a large,  blunt  tubercle  {g)  attached 
exclusively  to  the  posterior  collis  (^).  The  latter  gives  off  a blunt  projection  into 
the  median  valley,  placed  a short  distance  internally  to  the  ante-crochet  (/),  and 
more  externally  a distinct,  though  small  crochet  (e) : there  is  no  combing-plate  at 
the  extremity  of  the  median  valley.  The  posterior  valley  (^)  is  elongated  antero- 
posteriorly,  and  is  much  less  deep  than  the  median  valley ; the  descent  from  its 
outer  wall  being  gradual.  Tlie  cingulum  forming  the  anterior  valley  (left  of  a)  does 
not  extend  beyond  the  inner  half  of  the  tooth  ; and  in  one  specimen  (fig.  2)  stops 
short  of  the  inner  surface  of  the  anterjor  collis,  but  in  the  other  extends  a short 
distance  on  to  this  part. 

In  the  last  molar  (m.  3,  fig.  1)  the  general  characters  are  the  same  as  in  the 
preceding  tooth  : the  anterior  cingulum  extends,  however,  still  more  on  to  the  inner 
face  of  the  anterior  collis  (a),  and  the  tubercle  at  the  entrance  to  the  median  valley 
is  larger.  The  much  Avorn  first  molar  (m.  1,  fig.  1)  shows  the  median  valley  all  but 
divided  by  the  aboAm-mentioned  obstruction  into  tA^x)  distinct  portions,  the  inner  of 
which  is  triangular,  and  the  outer  sub-elliptical  in  shape.  An  equally  Avorn  m.  1 from 
Gandoi  represented  in  plate  II.,  fig.  2,  exhibits  these  characters  still  more  clearly. 

Ug)pcr  cheek-teeth  of  smaller  race. — In  plate  II.,  fig.  4,  there  is  represented  the  left 
maxilla  of  a smaller  rhinoceros  from  Gandoi,  containing  all  the  permanent  cheek- 
teeth, Avith  the  exception  of  pm.  1,  in  a medium  condition  of  Avear ; tlie  first  and  last 
of  the  series  being  someAvhat  damaged.  With  the  exception  of  their  considerably 
smaller  size  the  true  molars  of  this  specimen  agree  precisel}"  Avith  the  teeth  described 
above  ; and  since  there  is  a considerable  variation  in  the  size  of  different  races  of 
some  of  the  existing  species  of  rhinoceros,  there  appears  no  good  reason  for  regarding 
the  Gandoi  specimen  otherwise  than  as  belonging  to  a small  race  of  the  species  to 
Avhich  the  larger  teeth  belong. 

The  premolars  of  this  specimen  have  their  inner  halves  surrounded  by  a 
complete,  sharp-edged  cingulum  ; whose  free  edge  extends  much  higher  ujd  on  the 
crown  of  the  posterior  (h)  than  on  that  of  the  anterior  collis  (a).  The  latter 
extends  considerably  more  inwardly  than  tlie  former ; which  is,  so  to  speak,  buried 
in  the  cingulum.  With  the  exception  tliat  the  ante-crochet  is  less  developed,  the 
other  general  characters  of  the  premolars  are  similar  to  those  of  the  true  molars. 
In  pm.  4 there  is  a small  combing-plate.^ 

Comparisons  loith  other  Siiualik  rhinoceroses. — A comparison  of  the  figures  of  the 
specimens  described  above  Avith  the  small  maxilla  rej^resented  in  vol.  II.,  pi.  VI., 
fig.  1,  will  shoAV  pretty  clearly  that  all  belong  to  the  same  sjDecies,  the  Punjab 
specimen  being  intermediate  in  point  of  size  betAveen  those  figured  in  this  volume. 
Accepting  this  identification,  it  remains  to  shoAV  in  what  respects  these  specimens 
differ  from  Rhinoceros  palmindicus,  with  Avhich,  in  the  perhaps  over  anxiety  to  avoid 
making  unnecessary  species,  the  first  specimen  was  provisionally  classed.  In  the 

1 There  is  another  specimen  of  the  same  size  from  Gandoi  in  the  Indian  Museum  (Xo.  0.  266),  exhibiting  the  three  true 
molars  of  the  right  side  in  a much  damaged  condition. 
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true  molars  of  the  typical  B.  pakeindictis  (woodcut  fig.  P)  the  external  surface  is  still 

flatter  than  in  the  jDresent  specimens  ; the 
buttress  being  entirely  absent  and  the 
costa?,  {c,  d)  but  faintly  developed.  The 
bases  of  the  two  colles  (a,  h)  are,  more- 
over, in  contact,  and  there  is  no  tubercle 
at  the  entrance  to  the  median  valley  (y)  : 
nor  is  there  any  ante-crochet.  In  more 
worn  teetlP  the  median  valley  becomes 
separated  into  two  isolated  fossettes® ; the 
entrance  to  the  valley  becoming  obliterated, 
instead  of  having  the  triangular,  imperfectly 
isolated  fossette  which  occupies  that  place 
in  the  teeth  under  consideration  (pi.  II., 
fig.  2).  The  tooth  regarded  as  a premolar 
of  R.  palceindicus  (vol.  II.,  pi.  VII.,  fig.  2) 
is  quite  different  from  the  premolars  of 
the  specimen  represented  in  pi.  II.,  fig.  4, 
of  this  volume. 

In  the  preceding  volume'^  a skull  of  a 
small  Siwalik  rhinoceros  in  the  British  Museum  (No.  48,932)  was  provisionally 
referred  to  R.  palcBindieiis.  The  inner  halves  of  the  molars  (whicii  are  alone 
preserved)  differ,  however,  from  those  of  that  species  by  the  separation  of  the 
bases  of  the  colles,  and  the  partial  development  of  an  ante-crochet : has,  more- 

over, a distinct  cingulum.  Now  that  the  specimen  represented  in  vol.  II.,  pi.  VI., 
fig.  1,  has  been  shown  to  be  distinct  from  R.  palwindiciis  \ it  seems  pretty  certain  that 
the  above-mentioned  skull  is  likewise  distinct.  The  last  premolar  of  the  latter  is 
very  like  the  corresponding  tooth  of  the  specimens  under  consideration  ; but  the  true 
molars  have  not  such  a marked  ante-crochet  and  constriction  of  the  anterior  collis ; 
and  it,  therefore,  seems  not  improbable  that  this  skull  is  likewise  specifically  distinct 
from  the  specimens  under  consideration,  although  the  broken  condition  of  its  teeth 
does  not  admit  of  certain  specific  determination.  Apart  from  the  question,  as  to  the 
sj3ecies  of  this  skull  it  may  be  taken  as  pretty  certain  that  the  specimens  under 
consideration  do  not  belong  to  B.  palceindicus ; which  is  also  distinguished  by  its 
greatly  superior  size. 

Turning  to  /?.  sivalensis,  it  will  be  seen  from  the  typical  upper  molar  refigured 

1 This  specimen  is  also  figured  (|)  in  volume  I.,  pi.  IV.,  fig.  3,  and  in  the  “ F.A.S.,”  pi.  LXXV.,  fig.  4,  as  a premolar  : 
it  has  been  shown  in  vol.  II.  (p.  44)  to  he  a true  molar.  The  position  in  which  this  specimen  is  figured  shows  scarcely  any 
of  the  external  surface,  which  is  well  displayed  in  the  specimens  figured  in  the  plates. 

2 “ F.A.S.,”  pis.  LXXIV.,  fig.  1 : LXXV.,  fig.  1. 

3 In  the  previous  volume  (p.  44),  from  the  inclusion  of  other  specimens  with  this  species,  it  was  doubted  whether  this 
was  invariably  the  case. 

4 Page  45. 


d.  c. 


a.  g.  b. 


Fig.  1.,  Rhinoceros  palceindicus,  Falc.  and  Caut.  2nd 
upper  true  molar,  from  the  Siwaliks  : British  M useum 
(No.  39,648) : the  tooth  really  belongs  to  the  right 
side,  but  the  figure  has  been  reversed,  so  as  to  make  it 
correspond  with  the  teeth  figured  in  plate  I.  i. 
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in  plate  I.,  fig.  7,  that  the  buttress  is  much  more  strongly  developed ; the  second 
costa  (c)  standing  out  more  prominently,  and  the  first  costa  [d)  being  placed  more 
internally  to  the  plane  of  the  external  surface  of  the  crown,  and  more  prominently 
developed.  Again,  the  anterior  collis  [a)  has  no  vertical  groove  on  its  posterior  side, 
and  the  ante-crochet  (/)  is  absent : the  crochet  [e)  is  also  relatively  larger,  and  the 
outer  termination  of  the  median  valley  in  an  early  stage  of  wear^  is  triangular, 
instead  of  rounded.  The  posterior  valley  (^)  of  JR.  sivalensis  forms  a deep,  round 
pit,  instead  of  a shallow,  elongated  pit ; while  there  is  no  tubercle  at  the  entrance  to 
the  median  valley  [g).  The  figures  of  the  more  worn  teeth  of  R.  sivalensis  given  in 
the  ‘ F.A.S.  show  that  the  fossettes  formed  on  their  crowns  are  quite  different  from 
those  of  the  Biigti  specimens.  The  premolars  of  the  former  species®  are,  moreover, 
quite  distinct  from  those  of  the  latter,  having  no  cingulum  on  the  inner  side,  and  a 
well-developed  second  costa. 

These  comparisons  leave  no  doubt  of  the  well-marked  distinctness  of  the 
present  specimens  from  the  typical  race  of  R.  sivalensis.  In  the  second  volume,^ 
however,  a right  upper  molar  from  Sind  was  described,  presenting  certain  differences 
from  the  typical  teeth  of  the  last-named  species  ; but  apparently  not  such  as,  in  the 
absence  of  other  evidence,  could  be  taken  to  justify  specific  distinction.  This 
specimen  is  refigured  in  plate  I.,  fig.  3.  In  the  general  contour  of  the  crown, 
especially  in  the  well-developed  buttress  and  costse,  this  tooth  agrees  with  the  typical 
molar  of  R.  sivalensis.  It  differs,  however,  in  that  there  is  a groove  on  both  sides  of 
the  anterior  collis  (a),  with  the  consequent  formation  of  a small  ante-crochet ; by 
the  elongated  and  shallow  form  of  the  posterior  valley  (^) ; and  by  the  presence  of  a 
rudimentary  tubercle  at  the  entrance  to  the  median  valley  [g).  In  the  same  volume® 
another  upper  molar,  of  considerably  smaller  size,  but  presenting  the  same  external 
contour  of  the  crown,  was  described,  and  provisionally  referred  to  R.  sivalensis  under 
the  separate  varietal  name  of  gajensis  (so  named  from  the  Graj  beds,  in  which  it  was 
found).  This  specimen  is  refigured  in  plate  I.,  fig.  4.  In  this  tooth  the  characters 
in  which  the  last  sj)ecimen  differed  from  the  typical  molar  of  R.  sivalensis  are 
exaggerated ; the  ante-crochet  being  very  distinct ; the  posterior  valley  (^)  much 
elongated;  and  the  tubercle  at  the  entrance  to  the  median  valley  (^)  distinctly  developed. 

If  the  tooth  represented  in  pi.  I.,  fig.  3,  had  not  been  known,  the  Gr4j  tooth 
would  have  been  certainly  referred  to  a distinct  species  : but  as  the  former,  which  in 
future  it  may  be  convenient  to  refer  to  as  R.  sivalensis,  var  intermedins,  is  precisely 
intermediate  between  the  latter  and  typical  teeth  of  R.  sivalensis,  it  was  found 
advisable  to  provisionally  regard  the  three  as  races,  or  varieties,  of  the  same  species : 
this  conclusion  being  strongly  confirmed  by  the  circumstance  that  the  teeth  regarded 
as  the  milk-molars  of  R.  sivalensis^  closely  resembled  the  Ghj  tooth. 

It  will  be  observed  that  the  molars  of  v.  intermedins  and  v.  gajensis  resemble  the 

1 Compare  pi.  I.,  fig.  2,  ■with  fig.  7 ; these  specimens  being  in  nearly  the  same  stage  of  wear. 

2 Plates  LXXIV.,  fig.  5 ; LXXV.,  fig.  5.  3 Supra,,  vol.  II.,  pi.  V.,  fig.  6.  4 Page  SO.  6 Page  40. 

6 Vol.  II.,  pi.  VI.,  fig.  2. 
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Biigti  teetli  nmcli  more  closely  than  do  those  of  the  typical  B.  sivalensis.  They  are, 
however,  at  once  distinguished  by  the  greater  development  of  the  buttress  and 
costae ; which  stamp  them  as  of  the  B.  sivalensis  type.  The  premolars  of  v. 
intermedins  and  v.  gajensis  are  unfortunately  unknown.  The  further  consideration  of 
the  mutual  relations  of  all  these  forms  will  come  more  conveniently  in  the  sequel. 

The  molars  of  Aceratherium  perimense^  of  which  a specimen  is  represented  in 
plate  I.,  fig.  5 in  nearly  the  same  stage  of  wear  as  m.  2 in  fig.  1 of  the  same  plate, 
are  distinguished  from  the  Bugti  teeth  by  the  much  greater  development  of  the 
buttress  and  costse  (c,  c?),  and  the  more  marked  sinuosity  of  the  external  surface  of 
the  crown.  The  ante-crochet  (/)  is  less  developed,  and  does  not  so  completely  block 
the  median  valley  ; while  the  posterior  valley  (^)  forms  a deep  funnel-shaped  pit,  in 
place  of  a slit.  The  tubercle  {g)  at  the  entrance  of  the  same  valley  is,  moreover, 
attached  to  both  colies  [a,  b) ; and  in  some  instances^  is  crenulated ; while  there  is  no 
vertical  groove  on  the  anterior  face  of  the  posterior  collis  {h).  The  premolars  of  A. 
perimense^  resemble  the  Biigti  teeth  in  the  presence  of  a cingulum ; but  are 
distinguished  by  the  circumstance  that  this  cingulum,  which  is  frequently  crenulated, 
does  not  extend  across  the  inner  face  of  the  posterior  collis  ; by  the  larger  develop- 
ment of  the  second  costa  (c) ; and  by  the  greater  proportionate  increase  in  the  size  of 
the  later  teeth  of  this  series.  A.  perimense  is  also  distinguished  by  its  much  larger  size. 

To  the  molars  of  B.  platyrliinus^  the  Biigti  teeth  present  no  resemblance  ; and  it 
is  therefore  apparent  that  they  cannot  be  referred  to  any  of  the  previously  described 
species  of  Siwalik  rhinoceroses.  Further  comparisons  will  be  instituted  in  the  sequel. 

Mandible. — In  figure  5 of  plate  II.  there  is  represented  a fragment  of  the  left 
ramus  of  the  mandible  belonging  to  the  same  individual  as  the  upper  molars 
represented  in  fig.  4.  The  inner  side  shows  the  commencement  of  the  symphysis 
immediately  in  advance  of  the  socket  of  pm.  3.  Another  specimen  from  Gandoi 
(woodcut  fig.  2) ; which  from  its  resemblance  to  the  last  specimen,  and  the  locality 


m.  1 pm.  4 pm.  3 


Fig.  2.  Aceratherium  blanfordi,  Lyd.  The  right  ramus  of  the  mandible  ; from  the  lower 
Siwaliks  of  Gandoi  : Indian  Museum  (No.  C.  271). 

from  which  it  was  obtained  should  almost  certainly  be  referred  to  the  larger  race  of 
the  same  species,  shows  a considerable  part  of  the  symphysis,  and  the  alveolus  of 
the  right  canine : while  a third  specimen  from  Gandoi  {Ind.  Mus.,  No.  C.  272)  shows 
the  hinder  part  of  the  symphysis,  and  the  rami  of  both  sides : the  teeth  and  their 
alveoli  and  the  extremity  of  the  symphysis  are,  however,  wanting.  A fragment  of 

1 Supra.,  vol.  II.,  pi.  II.  2 Ibid,,  pis.  II..  IIa.  3 Ibid.,  pi.  VIII. 
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the  right  ramus  of  a calf,  with  one  milk-molar  remaining,  is  represented  in  plate  II., 
fig.  3.  The  lower  molars  have  a faint  trace  of  an  external  cingulum.  The  inferior 
border  of  the  horizontal  ramus  is  markedly  convex  : and  the  ramus  itself  diminishes 
rapidly  in  vertical  height  towards,  and  at  the  symphysis,^  indicating  that  the  form  of 
this  part  was  very  similar  to  that  prevailing  in  the  existing  Javan  rhinoceros,  and 
that  the  canines^  were  of  moderate  size  ; — an  inference  rendered  certain  by  the  size 
of  their  alveoli  in  the  specimen  in  which  these  are  preserved.  In  the  specimen 
figured  in  the  woodcut  the  crown  of  m.  2 has  been  hammered  off ; while  in.  3 is  only 
partially  protruded. 

Upjjer  milk-molars. — In  figure  6 of  plate  I.  there  are  represented  the  first  and  second 
right  upper  milk-molars  of  a rhinoceros  from  Gandoi,  which  may  in  all  probability 
be  referred  to  the  present  species.  These  teeth  are  of  considerable  importance  in 
confirming  the  conclusions  already  arrived  at  as  to  the  distinctness  of  the  latter, 
since  four  other  different  types  of  upper  milk-molars  have  been  already  described 
and  referred  to  the  four  other  Siwalik  rhinoceroses.^  The  present  specimens  may  be 
at  once  compared  with  the  others,  without  preliminary  description.  In  J?.  jpalcBindicus^ 
mm.  1 is  more  squared,  and  the  anterior  collis  {a)  is  not  distinctly  developed : mm.  2 
has  no  obstruction  at  the  entrance  to  the  median  valley ; and  the  extremity  of  the 
latter  is  cut  off  as  an  isolated  fossette,  which  is  not  the  case  with  the  present 
specimen : minor  differences  will  be  detected  by  a comparison  of  the  figures.  In 
JS.  sivalensis^  the  external  surface  of  mm.  2 is  more  convex,  and  wants  the  distinct 
costa  which  occurs  opposite  the  median  valley  in  mm.  2 of  the  present  specimen® : 
the  tooth  which  is  probably  mm.  1 of  E.  sivalensis^  has  a square  crown,  without  any 
anterior  prolongation.  To  mm.  2 of  U.  platyrhinus^  the  corresponding  tooth  of  the 
present  specimen  has  no  resemblance.  In  Aceralherimn  'perimens^  mm.  2 has  a squarer 
crown,  with  the  two  colies  shaped  more  like  those  of  the  succeeding  teeth  : the 
median  costa  is  also  more  strongly  developed. 

In  figure  1 of  plate  II.  there  is  represented  the  unworn  germ  of  a right  upper 
molar  of  a rhinoceros  from  Gandoi,  which  may  possibly  be  the  last  milk-molar  of 
the  present  species.  It  has  lost  the  enamel  of  the  anterior  surface,  and  the  first 
costa.  The  buttress  was  apparently  more  developed  than  in  the  true  molars,  giving 
the  tooth  a great  resemblance  to  the  molar  of  R.  sivalensis^  var.  gajensis  ; from  which 
it  is,  however,  distinguished  by  its  higher  crown.  The  tooth  has  also  a strong 
resemblance  to  mm.  4 of  R.  sivalensis,  but  has  likewise  a higher  crown.  If  the  serial 
and  specific  determination  of  this  tooth  be  correct  it  indicates  a resemblance  between 
the  milk-teeth  of  the  typical  R.  sivalensis,  of  var.  gajensis,  and  the  present  species, 
not  existing  in  the  true  molars. 

1 Seen  even  in  the  specimen  represented  in  plate  II.,  fig.  5,  which  is  associated  with  the  upper  teeth  of  fig.  4. 

2 Since  it  is  now  pretty  clearly  proved  that  the  outer  mandibular  cutting  teeth  of  the  rhinoceroses  are  canines,  and  not 
incisors,  they  will  in  future  he  so  termed. 

3  Even  if  any  of  these  milk -molars  be  wrongly  assigned,  this  wiU  not  interfere  with  the  inference  drawn  from  the  present 
specimens  as  to  the  existence  of  a fifth  Siwalik  rhinoceros. 

4  Supra.,  vol.  II.,  pi.  VII.,  fig.  3.  5 Ibid.,  pi.  VI.,  fig.  2.  6 Not  clearly  shown  in  the  figm-e. 

7 Supra.,  vol.  II.,  p.  34.  8 Ibid.,  pi.  VII.,  fig.  4.  9 Ibid.,  pi.  III.,  fig.  2 : vol.  I.,  pi.  V.,  fig.  4. 
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Further  comparisons. — Having  now  described  all  the  known  dental  and  mandibular 
remains  of  the  present  species  ; and  its  distinctness  from  the  other  named  Siwalik 
species  having  been  indicated  ; it  remains  to  institute  a wider  range  of  comparisons. 
Commencing  with  the  non-Siwalik  Asiatic  species,  U.  deccanensis^  is  distinguished  by 
the  absence  of  mandibular  cutting  teeth,  and  of  an  ante-crochet  to  the  upper  true 
molars,  which  are  furnished  with  combing-plates.  The  upper  premolars  are, 
however,  strikingly  like  those  of  the  present  species,  but  are  distinguished  by  the 
greater  development  of  the  crochet,  and  the  shape  of  the  cingulum ; which  forms  an 
inverted  V,  instead  of  an  oblique  line  on  the  inner  surface  of  the  crown.  The 
molars  of  R.  namadicus  are  unknown.  The  last  upper  molar  of  the  doubtfully 
distinct  R.  sinensis^  has  no  ante- crochet. 

Of  the  existing  species,  the  large  unicorn  Indian  rhinoceros  is  distinguished  by 
its  complex  upper  molars ; while  those  of  the  Javan  and  Sumatran  species®  are  of 
the  R.  sivalensis  type.  The  two  African  species  are  distinguished  by  the  absence  of 
permanent  cutting  mandibular  teeth ; the  same  character  also  obtaining  in  R. 
pachijgnathus  of  the  Pikermi  beds.  The  four  species  of  the  higher  pliocene  and 
pleistocene  of  Europe  are  likewise  distinguished  by  the  same  -character  ; as  well  as 
by  the  absence  of  pm.  1,  which  is  shown  by  the  specimen  represented  in  plate  II., 
fig.  4,  to  have  been  present  in  the  Biigti  species.  It  may  be  added  that  R.  tichorhinus 

is  widely  distinguished  by  the  complex 
structure  of  its  upper  molars^;  while  in 
R.  megarhinus^  (woodcut  fig.  3),  and  R. 
leptorhinus^  Ow.,  the  upper  cheek-teeth 
have  not  such  a distinct  ante-crochet,  such 
a stout  cingulum  to  the  premolars,  or  such 
a distinct  tubercle  at  the  entrance  to  the 
median  valley ; the  crochet  is  moreover 
always  larger.  In  R.  etruscus^  which 
Prof.  Boyd  Dawkins  considers  to  be  allied 
to  the  miocene  forms,  the  upper  pre- 
molars have  a well-developed  cingulum, 
and  a distinct  ante-crochet  exists  in  the 
true  molars.  This  species  is,  however, 
readily  distinguished  by  the  cingulum  of 
the  premolars  being  less  prominent,  and 
running  straight  across  the  colles;  both  of  which  have  the  same  inward  extent.  The 

1 Su^ra.,  vol.  I.,  p.  1,  pis.  I. — III.  2 Owen,  ‘ Quart.  Journ.  Geol.  Soc.,’  vol.  XXVI.,  pi.  XXIX.,  fig.  1. 

3 The  so-called  S.  lasioiis  and  if.  inermis  are  not  distinguishable  by  dental  charaeters  from  the  Sumatran  and  Javan  species. 

4 Owen,  “ Brit.  Foss.  Mamm.  and  Birds,”  fig.  122,  p.  329. 

5 Lortet  and  Chantre,  ‘Arch.  d.  Mus.  d’Hist.  Nat.  d.  Lyon,’  vol.  II.,  pi.  XVII. 

6 Owen,  op.  cit.,  fig.  141,  p.  373.  7 The  writer  is  indebted  to  Prof.  Boyd  Dawkins  for  this  figure. 

8 Boyd  Dawkins,  ‘ Quart.  Journ,  Geol.  Soc.,’  vol.  XXIV.,  pi.  VII. 


Fig.  3.  Rhinoceros  megarhinus,^  Christol.  Second 
right  upper  true  molar,  slightly  worn.  y.  A, 
median  valley ; B,  anterior  colUs ; B,  posterior  do.; 
F,  posterior  valley  ; H,  crochet ; K\,  K 2,  first  and 
second  costae.  Pleistocene,  England. 
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ante-crocliet  of  tlie  true  molars  is  also  smaller ; and  tlie  crocliet  of  m.  3 extends 
nearly,  or  comjDletely^  across  the  median  valley. 

As  it  will  be  shown  below  that  the  Biigti  teeth  almost  certainly  belong  to  an 
Aceratherium,  it  will  be  unnecessary  to  point  out  the  differences  between  them  and 
the  molars  of  the  other  species  of  Rhinoceros ; none  of  which  resemble  them  very 
closely  : and  further  comparisons  may  accordingly  be  confined  to  Aceratlierimn.  In 
A . incisivum^  the  upper  molars  very  closely  resemble  the  larger  Bugti  teeth  ; the 
general  plan  of  structure  being  precisely  the  same : the  buttress  is,  however, 
somewhat  more  developed,  the  first  costa  placed  more  internally,  the  crochet  larger, 
the  tubercle  at  the  entrance  to  the  median  valley  generally  less  conspicuous,  and  the 
ante-crochet  rather  smaller  in  the  European  form ; these  differences  being  most 
conspicuous  in  an  early  stage  of  wear.^  The  premolars  of  the  two  are  almost 
indistinguishable ; and  the  fossettes  formed  on  the  well-worn  molars  are  likewise 
precisely  similar.  The  mandible  presents,  however,  considerable  differences  in  the 
two  forms  ; the  inferior  border  of  the  horizontal  ramus  of  the  European  species® 
being  straight,  and  the  ramus  itself  preserving  nearly  the  same  vertical  thickness 
throughout  its  length.  The  lower  canines  are  much  larger,  and  the  cheek-teeth  have 
a more  distinct  cingulum.  Although  these  differences  are  in  all  probability  of 
sufficient  importance  to  indicate  the  specific  distinctness  of  the  two  forms,  yet  the 
resemblances  are  so  strong  as  to  render  it  certain  that  they  were  extremely  closely 
allied ; and  it  may,  therefore,  be  inferred  that  the  Bugti  rhinoceros  was  in  all 
probability  an  Aceratheriimi. 

It  does  not  appear  that  the  upper  molars  of  any  other  European  species  of  that 
genus  ajDproach  as  closely  to  the  Biigti  teeth  : those  of  A.  lemanense,'^  and  A.  croizeti^ 
being  distinguished  by  the  larger  buttress,  and  the  absence  of  the  crochet ; and  the 
lower  molars  of  the  former®  having  a strongly  developed  cingulum.  In  A . goldfussi’ 
the  upper  molars  have  a conspicuous  buttress,  as  in  A.  perimense  : the  ante-crochet  is 
very  slightly  developed,  and  there  is  no  tubercle  at  the  entrance  to  the  median  valley 
of  tn.  3.  A.  velaunmif  is  readily  distinguished  by  its  shortened  mandible,  and  the 
peculiar  form  of  its  lower  molars.  The  upper  molars  of  A.  minutmn^  have  a large 
buttress,  and  apparently  no  distinct  tubercle  at  the  entrance  to  the  median  valley. 

In  the  so-called  R.  austriacus^  Peters,'®  of  the  middle  miocene  of  Styria,  which 

1 Kaup,  “ Beitrage,”  pt.  1.,  pi.  IV.  (the  figure  is  very  small,  but  being  a photograph  permits  of  enlargement  with  a lens : 
a cast  of  the  original  is  in  the  British  Museum).  Blainville,  “ Osteographie,”  Genus  Ehinoceros,  pi.  XII.  (if.  incisivus  de 
Sansan).  The  teeth  in  Kaup’s  specimen  are  slightly  less  worn  than  in  the  specimen  represented  in  pi.  I.,  fig,  1. 

2 Compare  pi.  I.,  fig.  2,  with  fig.  62  (p.  58)  of  “ Les  Enchainements  du  Monde  Animal — Mamm.  Tert.”  : the  two  teeth 
are  in  about  the  same  stage  of  wear. 

3 Kaup,  op.  cit.,  pi.  6.  4 BlainviUe,  “ Osteographie,”  Genus  Ehinoceros,  pi.  XII.  {R.  incisivus  d’ Auvergne). 

3 Filhol,  ‘Ann.  d.  Sci.  Geol.,’  vol.  XI.,  pp.  78-9.  6 Gaudry,  op.  cit.,  fig.  59. 

7 Kaup,  op.  cit.,  pi.  II.  Gaudry,  op.  cit.,  fig.  64  [R.  brachypus). 

8 Eilhol,  •“  Mammiferes  Fossiles  de  Eonzon,”  pi.  XII.  9 Kaup,  loc.  cit. 

10  ‘ Denks.  k.  Ak.  Wiss.,’  vol.  XXX.,  1870,  p.  46,  pi.  II.  In  the  second  volume  of  the  present  work  this  species  is  ■ 
referred  to  Rhinoceros. 
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from  the  structure  of  its  upper  cheek-teeth  probably  belongs  to  Aceratherium,  the 
upper  premolars  are  readily  distinguished  from  those  of  the  Biigti  species  by  the 
absence  of  an  ante-crochet,  the  larger  crochet,  the  more  prominent  second  costa,  the 
less  complete  cingulum,  and  the  larger  tubercle  at  the  entrance  to  the  median  valley. 

With  regard  to  the  American  acerotheroids,^  tliere  is  considerable  difficulty  in 
being  perfectly  sure  that  none  of  them  are  specifically  the  same  as  the  Bugti  form, 
owing  to  the  circumstance  that  many  of  them  have  been  only  described  in  a 
preliminary  manner,  and  that  in  many  cases  where  figures  have  been  given  they  are 
on  such  a small  scale  as  to  be  useless  for  the  detection  of  minute  points  of  difference. 
It  is,  however,  imiDrobable  that  any  one  of  the  American  forms  should  be  specifically 
the  same  as  an  Indian  species.  Of  those  that  have  been  figured  the  one  that 
apparently  comes  nearest  to  the  latter  is  A.  fAphelojjsJ  fossiger^  in  which,  as  far  as 
can  be  seen  from  the  small  figure,  the  U2:)per  molars  have  a veiy  small  buttress,  and 
a large  ante-crochet : but  apparently  no  tubercle  at  the  entrance  to  the  median  valley. 

Specific  distinctness  and  affinities. — As  the  result  of  the  foregoing  comparisons,  it 
seems  impossible  to  identify  the  Biigti  rhinoceros  with  any  described  species ; and  it 
accordingly  ajDpears  entitled  to  a separate  specific  name.  The  strong  presumption 
that  this  species  belonged  to  Aceratherium  has  been  already  indicated ; and  it  is 
proposed  that  it  should  be  known  as  A.  hlanfordi.  The  larger  race  may  be 
distinguished  as  variety  7najus,  and  the  smaller  as  variety  minus.  The  remains  of 
the  former  race  indicate  an  animal  somewhat  exceeding  in  size  full  grown  individuals 
of  the  typical  Sumatran  rhinoceros  ; while  those  of  the  latter  are  not  larger  than  the 
small  race  of  that  form,  which  was  named  U.  nige7'  by  Gray.  As  there  is  such  an 
amount  of  variation  in  the  size  of  the  Biigti  species,  it  has  been  thought  that  nothing 
would  be  gained  by  giving  measurements.  In  the  absence  of  the  cranium  it  is 
impossible  to  say  whether  A.  hla^ifordi  was  really  hornless,  but  such  was  not 
improbably  the  case;  although  it  is  necessary  to  assume  that  those  forms  of  the 
genus  which  come  nearest  to  Rhinoceros  were  most  probably  furnished  with  a 
rudimentary  nasal  horn.^  That  the  species  was  closely  allied  to  A.  incisivum^  there 
can  be  no  reasonable  doubt ; and  there  are  also  strong  indications  of  its  relation  to 
the  earlier  races  of  the  R.  sivalensis  type  ; a relationship  of  which  traces  are  retained 
in  the  milk-molars  of  the  later  race  of  that  type.  It  is,  moreover,  not  impossible 
that  the  pleistocene  R.  deccanensis  may  have  been  a descendant  from  the  same  stock 
as  A.  hla^ifordi,  since  there  is  such  a remarkable  resemblance  in  the  structure  of  their 
upper  premolars.  It  is  also  conceivable  that  the  small  undetermined  skull  in  the 
British  Museum  from  the  upper  Siwaliks  alluded  to  on  page  4,  may  indicate  a 
species  connecting  A.  hla^ifordi  with  R.  decca^ie^isis,  since  there  is  a great  similarity  in 
the  structure  of  their  molars.  The  suppression  of  the  buttress  of  the  upper  molars 

1 Supra,  vol.  II.,  pp.  20,  21.  2 Cope,  ‘ Amer.  Nat.,’  Dec.,  1879,  fig.  3,  p.  771«. 

3 The  -writer  is  conviaced  that  it  is  almost  or  quite  impossible  to  dra-w  any  real  distinction  between  Accra and 
Mhinoeeros. 


4 This  species  occurs  in  the  Eppelsheim  beds  ; and  possibly  in  those  of  Pikermi  and  Mont  Leberon. 
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which  occurs  in  some  of  the  most  specialized  recent  and  later  tertiary  rhinoceroses 
probably  indicates  that  the  stock  of  A.  perimense  (in  which  this  buttress  is  strongly 
developed)  diverged  at  an  early  stage  from  that  of  A.  hlanfordi  (in  which  the  buttress 
is  small).  It  may  be  mentioned  that  the  ante-crochet  of  the  upper  molars  of  the 
rhinoceroses  is  another  feature  which  disappears  in  the  later  forms  ; being  quite 
unknown  in  all  those  of  the  present  day. 

It  thus  seems  probable  that  A.  incisivum^  A.  hlanfordi^  and  R.  sivalensis,  var. 
gajensis  had  a common  ancestry  in  some  part  of  the  miocene ; and  that  the  latter 
form  gave  origin  to  var.  intermedins  of  the  loAver  Siwaliks,  which  overlie  the  Gaj 
beds,  and  that  again  to  the  typical  ll.  sivalensis  of  the  upper  Shvaliks,  from  which 
the  living  Javan  rhinoceros  may  have  descended.  The  exact  relationship  of  A. 
hlanfordi  to  A.  incisiviim  cannot  yet  be  determined;  neither  is  it  certain  in  which 
direction  the  migration  of  the  connecting  forms  took  place.  From  the  occurrence 
of  the  Graj  variety  of  B.  sivalensis  in  the  upper  miocene  of  India,  and  that  of 
A.  incisiviim  in  the  upper  miocene,  and  possibly  in  the  lower  pliocene,  of  Europe,  and 
from  the  distribution  of  A.  hlanfordi  (as  noticed  below),  it  seems,  however,  not 
improbable  that  the  common  ancestral  form  originated  in  the  countries  between  India 
and  Europe,  and  that  the  Styrian  A.  austriacum  may  be  another  branch  of  the  same 
stock. 

Distrihution. — Remains  of  A.  hlanfordi  \\QNe,  been  obtained  from  the  Punjab  and 
the  Bugti  districts ; and  whereas  the  species  ajDpears  to  have  been  very  rare  in  the 
former,  it  appears  to  have  been  as  common  in  the  latter  area.  This  is  noteworthy, 
since  it  would  be  expected  that  an  Indian  species  exhibiting  affinity  with  a European 
form  would  occur  most  abundantly  on  the  western  side  of  the  Indian  area. 

A considerable  part  of  the  skeleton  of  the  smaller  race  of  the  present  species 
has  been  obtained  and  may  perhaps  form  the  subject  of  a future  memoir. 

Family:  EQTJIVAE. 

Genus:  HIPPOTHERIUM,  Kaup. 

Species : Hippotherium  antilopinum,  Falc.  and  Cant. 

Object  of  present  notice. — A large  series  of  the  remains  of  this  species  (together 
with  those  of  H.  theohaldi)  have  been  described  in  the  third  part  of  the  second 
volume  of  the  present  work ; but  at  that  time  no  specimen  of  the  cranium  Avas 
knoAAm.  This  desideratum  has  been  supplied  by  the  specimen  forming  the  subject 
of  the  present  notice ; which  has  been  already  briefly  alluded  to  in  the  ‘ Records 
for  1883. 

Cranium. — The  cranium  mentioned  above  is  the  property  of  Mr.  Theodore 
Cooke,  LL.D.,  F.G.S.,  of  Poona,  India,  who  has  kindly  lent  it  for  description.  It 
was  obtained  from  the  Siwaliks  of  Perim  Island  ; and  is  represented,  of  half  the 
natural  size,  in  figures  1 and  2 of  plate  III. : the  cheek-dentition  of  the  left  side 

1 Vol.  XVI.,  p.  94. 
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being  represented  of  the  full  size  in  fig.  3 of  the  same  plate.  The  specimen  has  lost 
its  two  extremities,  the  crowns  of  the  cheek-teeth  of  the  right  side,  and  the  outer 
walls  of  some  of  those  of  the  opjDOsite  side,  but  is  otherwise  in  excellent 
preservation  ; many  of  the  cranal  sutures  being  distinctly  visible.  The  condition 
of  the  teeth  shows  that  the  skull  belonged  to  a fully  adult,  though  not  an  old 
individual. 


The  grinding  surfaces  of  the  teeth  cannot  be  completely  cleaned  from  matrix  ; 
although  this  has  been  accomplished  sufficiently  to  exhibit  the  complete  isolation  of 
the  anterior  pillar  (e),^  characteristic  of  Rippotlieriiim ; as  well  as  the  com2fiex 
plication  of  the  dentine  and  enamel  in  the  central  part  of  the  crown,  which  is 
especially  well-marked  in  both  the  Indian  species  described  in  the  second  volume. 
The  anterior  pillar  [e)  is  less  prominent  and  less  elongated  in  cross-section  than  in 
the  teeth  of  H.  theohaldi  figured  in  the  same  volume^ ; while  the  posterior  pillar  (/) 
is  not  constricted  at  its  junction  with  the  inner  column,  as  is  the  case  in  little- worn 
teeth  of  that  species,'^  and  is  larger  than  in  well-worn  teeth  of  the  same.'^  In  all 
these  respects  the  teeth  of  the  Perim  skull  agree  with  those  of  II.  antilqpinnnv’ ; as 
well  as  with  the  isolated  tooth  from  the  Punjab  of  which  a polished  transverse 
section  is  rej^resented  in  plate  III.,  fig.  I,  of  this  volume.  In  the  following  table 


the  dimensions  of  the  Perim  skull  are  compared  with  those  of  the  three  maxillae 

referred  to  II.  antilopinum  in  the  second  volume® ; viz. 

Previous  specimens. 

Perim  skuU. 

Width  of  palate  po.steriorly 

( 

2*0 

2-8 

,,  between  pm.  4 . . . . 

1-9 

2-6 

Length  of 

series  of  cheek-teeth  ..... 

5-3 

5-8 

n 5> 

three  true  molars 

2-36 

2-5 

2-67 

>> 

pm.  2 

1-25 

1-25 

Width  ,, 

0-83 

Length  ,, 

„ 3 

0-96 

0-96 

0-96 

Width  „ 

. • • • . . . . 

0-95 

0-9o 

1-04 

Length  ,, 

„ 4 

0-93 

0-9 

0-9 

0-92 

Width  „ 

• • • • • • 

0-86 

0-91 

0-9 

Length  ,, 

m.  1 . 

0-8 

0-81 

0-8 

0-88 

Width  ,, 

j,  . , . . . . 

0-85 

0-88 

0-9 

Length  ,, 

„ 2 

0-85 

0-82 

0-8 

0-87 

Width  ,, 

, , , , . . • 

0-70 

0-72 

0-85 

0-93 

Length  ,, 

„ 3 

0-8 

0-85 

0-98 

Width  „ 

mm*  * * * • • • 

0-55 

0-75 

0-83 

It  will  be  observed  that  the  teeth  and  palate  of  the  Perim  skull 

are  somewhat  larger 

than  those  of 

either  of  the  other  specimens. 

although 

the  teeth 

are  still  considerably 

smaller  than 

those  of  H.  theohaldi  figured 

in  the  second  volume.  It  will  also  be 

observed  that 

in  the  Perim  skull  the  leno:th  of  pm.  3 is 

less  than  its  width. 

the  reverse 

being  the  case  in  the  other  three  specimens.  Analogous  differences  prevail,  however, 
in  the  latter,  since  the  length  of  pm.  4 of  the  specimen  in  the  first  column  exceeds  its 
width,  the  reverse  prevailing  in  the  other  two  specimens ; these  differences  need  not, 

1 For  the  terms  employed  in  the  description  of  the  cheek-teeth  of  the  horses,  see  vol.  II.,  p.  73. 

2 Plate  XI.,  fig.  3.  3 ILicK  4 Vol.  II.,  pi.  XIII.,  fig.  2. 

5 Ibid.,  pi.  XI.,  fig.  1.  “ F.A-S.,”  pi.  LXXXIII.,  fig.  18.  6 Page  76. 
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therefore,  be  of  more  than  individual  value,  if  all  the  three  first  specimens  are 
correctly  referred  to  the  same  species. 

It  appears  from  the  foregoing  comparisons  and  measurements  that  the  Perim 
skull  ao’rees  so  nearly  witli  H.  antilopinum  that  there  seems  no  reason  for  assigning 
it  to  another  species' ; although  its  large  size  tends  to  remove  one  of  the  distinctions 
betvreen  that  species  and  H.  theohaldi. 

Accepting  the  provisional  reference  of  the  skull  under  consideration  to  II. 
antilojjinum,  its  distinctive  characters  will  be  exhibited  in  the  best  way,  by  at 
once  comparing  it  with  the  skull  of  II.  gracile.  Regarding  the  teeth,  no  more 
need  be  said  except  that  there  are  no  signs  of  the  presence  of  pm.  1 ; which  exists 
as  a small  tooth  in  some  specimens  of  H.  gracile : this  absence  is  the  more  remarkable 
since  this  tooth  persists  in  both  the  Siwalik  species  of  Equus.  The  Perim  skull 
agrees  with  that  of  its  European  congeneP  in  its  comparatively  small  size  ; as  well 
as  in  its  general  contour,  and  absolute  size.  The  two  skulls  also  agree  in  the 
presence  of  two  cavities  in  the  outer  surface  of  the  maxilla,  one  of  which  (a)  may 
conveniently  be  termed  the  anterior,  and  the  other  (b)  the  posterior  maxillary  cavity. 
There  is,  however,  a very  great  difference  in  the  shape  and  position  of  the  former 
cavity  in  the  two  skulls.  In  IT.  gracile  the  posterior,  or  so-called  larmial,  cavity 
is  very  large,  extending  backwards  as  far  as  the  anterior  border  of  the  lachrymal,  or 
within  less  than  an  inch  from  the  anterior  border  of  the  orbit,  and  having  a long 
diameter  of  more  than  three  inches.  The  infra-orbital  foramen  (^trqus  sous-orhitaire) 
is  described  by  Prof.  Gaudry^  as  “ sitiie,  soil  a la  par  tie  anterieure  du  larmier^  soil  en 
dehors  et  un  peu  en  avant.^’’  In  the  Perim  skull,  on  tlie  other  hand,  the  corresponding 
cavity  (Z>)  is  comparatively  small,  and  separated  by  a considerable  interval  from  the 
anterior  border  of  the  lachrymal  (/«),  and  by  a space  of  two-and-a-half  inches  from 
the  orbit,  its  longer  diameter  being  about  one-and-a-half  inches.  The  infra- 
orbital foramen  commences  at  the  hinder  extremity  of  the  posterior  cavity ; 
the  latter  having  merely  the  appearance  of  a much  dilated  aperture  of  the 
foramen.  The  same  cavity  extends  some  distance  on  to  the  outer  surface  of  the 
nasal.  In  advance  of  the  posterior  cavity  there  is  a broad,  shallow,  groove  on  the 
surface  of  the  maxilla,  conducting  to  the  anterior  maxillary  cavity  («;),  which  is  a 
deep  spherical  dei^ression  immediately  in  advance  of  pm.  2.  The  corresponding 
cavity*  in  TI.  gracile  is  considerably  longer  and  shallower ; but  was  apjmrently 
connected  with  the  j^osterior  cavity  by  a similar  groove,  which  the  crushed  condition 
of  the  Pikermi  skull  has  to  a great  extent  obliterated.  According  to  Prof.  Gaudry^ 
distmct  traces  of  this  anterior  cavity  may  be  seen  in  the  skulls  of  E.  hurchelli  and 

1 Seeing  that  if  the  hrohen  maxillse  of  the  existing  speeies  of  African  horses  were  mingled  together  it  would  prohahly 
he  quite  impossible  to  refer  them  to  more  than  one  species,  it  is  highly  probable  that  the  teeth  and  maxillse  referred  to  H. 
antilopinwn  really  belong  to  more  than  one  closely  allied  species.  In  the  absence,  however,  of  any  certain  points  of  specific 
distinction,  the  only  course  at  present  is  to  refer  them  provisionally  to  the  same  species,  or  group,  if  the  latter  term  he  preferred. 

2 Gaudry,  “Ann.  Foss,  et  Geol.  de  I’Attique,”  pi.  XXXV.:  by  the  courtesy  of  Prof.  Gaudry  the  writer  has  been 
enabled  to  compare  the  Perim  skull  with  a cast  of  the  Pikermi  specimen. 

3 Op.  ct7.,  p.  222.  4 Marked  d in  Prof.  Gaudr5r’s  figure.  3 Op.  ctV.,  p.  222. 
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E.  quagga ; and  they  may  also  be  detected  in  some  skulls  of  E.  caballus,  where  the 
groove  occurring  in  advance  of  the  infra-orbital  foramen  not  unfrequently  terminates 
above  in  a very  shallow,  but  distinct  de^^ression. 

The  smooth  form  of  these  cavities  in  the  Perim  skull  leaves  little  or  no  doubt 
that  they  once  contained  a sebaceous  gland,  like  the  ‘ larmier  ’ of  the  deer  and 
antelopes.  In  all  deer  and  in  most  antelopes  the  larmier  is  single,  and  placed  almost 
entirely  in  the  lachrymal ; having  of  course  no  connection  with  the  infra-orbital 
foramen.  In  some  antelopes,  however  (e.g.,  Gephalopus  maxivelli,  and  C.  pygmceaf  a 
similar  cavity  is  present  in  the  maxilla,  which  sometimes  coexists  with  the  lachrymal 
cavity,  and  sometimes  replaces  it.  “In  the  African  water-hogs  \Potamochoerus~\  a 
naso-maxillary  pit  opens  between  the  eye  and  snout,  rather  nearer  the  eye.”^  In 
Oreodo7i^  there  is  a single  cavity  which  is  confined  to  the  lachrymal. 

These  observations  indicate  pretty  clearly  that  the  maxillary  cavities  of 
Hippotlieriimi  are  homologous  with  those  of  the  Artiodactyla ; and  are  very 
noteworthy  as  being  one  of  the  very  feAV  evidences  among  the  later  forms  of  an 
original  connection  between  the  artiodactyle  and  perissodactyle  modifications  of  the 
Ungulata. 

The  differences  in  the  form  of  the  posterior  maxillary  cavity  in  H.  antilopinum, 
and  U.  gracile  are  so  great  as  to  leave  no  question  of  the  sjDecific  distinctness  of 
those  forms,  of  which,  from  the  study  of  the  remains  then  available,  some  doubt  was 
entertained  in  the  second  volume.  Tlie  diminished  size  and  more  advanced 
position  of  the  same  cavity  in  H.  antilopinum  indicates  that  this  species  should  be 
regarded  as  a form  between  the  European  species,  and  the  modern  horses  ; of  which 
the  African  species  retain  most  traces  of  their  connection  with  the  hippotheres.  If 
the  writer’s  memory  serves  him  correctly,  the  posterior  larmial  caAuty  in  the  young 
maxilla  of  H.  theobaldi  from  the  Punjab,  briefly  mentioned  in  the  second  volume,^  is 
of  much  larger  size,  and  placed  considerably  nearer  to  the  orbit  than  in  the  Perim 
skull. 

The  latter  does  not  appear  to  differ  in  any  other  important  points  from  the 
European  species. 

Distribution. — The  specimen  under  consideration  extends  the  range  of  the 
species  to  Perim  Island ; of  which  there  was  only  some  doubtful  evidence  at  the 
time  of  publication  of  the  second  volume. 

Species : non.  det.  {?  nov.) 

Dpper  molars. — In  the  accompanying  woodcut  (fig.  4)  there  are  represented 
three  associated  right  upper  cheek-teeth  of  a species  of  Hippothcrium  lately  obtained 

1 See  Owen,  “Anatomy  of  Vertebrates,”  vol.  III.,  p.  633. 

2 Owen,  op.  cit.,  p.  634. 

3 Gaudry,  “ Les  Enchainements — Mam.  Tert.,”  fig,  90,  p.  81. 

4 Page  83.  The  specimen  is  No.  C.  153,  Indian  Museum ; and  the  present  writer  would  be  obliged  to  any  oflSicer  of  the 
G.  S.  I.  who  would  compare  it  with  the  figure  of  the  Perim  skull,  and  communicate  the  result  to  the  “ Records.” 
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by  Mr.  F.  Fedcleii  from  the  Siwaliks  of  Perim  Island.  The  crowns  of  the  molars 

m.  1.  a.  pm.  4.  J woro  SO  encrusted  witli  matrix  that  it 

specimen  has^  accordingly 

structure  of  the  teeth  shows  that  they 
undoubtedly  belong  to  a Hippotherium ; 

f d 6»  C» 

T'ig  4.  lUppotherium  sp.  nov.).  Polished  seotion  and  froiii  the  two  first  teeth  being 

of  three  right  upper  cheek-teeth,  in  a fragment  of  the  larger  than  the  third,  aild  leSS  fully 

maxilla ; from  the  Siwaliks  of  Perim  Island,  Gulf  of  , . 

Camhay:  Indian  Museum  (No.  C.  273).  pi’Otruded,  it  IS  eVldeilt  that  the 

former  are  the  two  last  premolars,  and  the  latter  the  first  true  molar. 

In  the  following  table  the  dimensions  of  these  three  teeth  are  compared  with 
those  of  the  corresponding  teeth  of  B.  theohaldi  figured  in  the  second  volume,^  vis. : — 

H.  theohaldi.  Specimen. 

Length  of  three  teeth . 3‘3  3 ‘03 

,,  ,,  pm.  3 1-24  1-06 

Width  „ 1-12  1-0 

Length ,,  ,,  4 1’13  1*05 

Width  „ „ „ 1-15  1-01 

Length  ,,  m.  1 . . . . . . . . . I'O  0'94 

Width  „ 1-05  0-95 

The  united  length  of  the  corresponding  teeth  of  the  Perim  skull  of  B.  antilopinum 
described  above  is  2 '23  inches  ; and  the  present  specimen  is,  therefore,  nearer  in 
point  of  size  to  H.  theohaldi.  Compared  witli  the  slightly  worn  teeth  of  that  species 
represented  in  vol.  II.,  pi.  XI.,  fig.  3,  the  present  teeth  differ  by  the  section  of  the 
anterior  pillar  (e)  being  sub-circular,  instead  of  markedly  ellipsoidal,  this  character 
being  most  marked  in  the  premolars : but  agree  in  having  the  jiosterior  pillar  (/) 
connected  with  the  adjacent  inner  crescent  {d')  hj  a constricted  neck  : the  shajie  of 
this  pillar  differs,  however,  considerably,  being  elongated  in  B.  theohaldi  and  rounded 
in  the  present  specimen.  In  more  worn  teeth  of  B.  theohaldi^  this  pillar  becomes 
almost  completely  merged  with  the  first  inner  crescent  (c)  ; which  would  ajDparently 
never  be  the  case  with  the  present  teeth. 

In  B.  antilopinum^  (as  in  B.  gracile)  the  posterior  pillar  of  the  upper  cheek-teeth 
is  always  well  developed,  and  never  shows  a constricted  junction  with  the  adjacent 
crescent,  except  in  a very  early  stage  of  wear  : the  anterior  pillar  has  much  the  same 
shape  and  position  as  in  the  specimen  under  consideration.  In  none  of  the  known 
examples  of  II.  antilopinum^  does  the  length  of  pm.  3 exceed  its  width  by  so  much  as 
in  the  present  specimen.  Finally,  the  teeth  of  the  latter  are  considerably  larger  than 
those  of  II.  antilopinum.  In  the  detached  tooth  represented  in  plate  III.,  fig.  4,  of 
this  volume,  which  exhibits  all  the  characters  of  H.  antilopinum.,  the  line  of  section 
is  taken  at  precisely  the  same  level  as  in  the  specimen  under  consideration ; and  as 


1 Vol.  II.,  pi.  XIII.,  fig.  1. 

2 Vol.  II.,  pi.  XI.,  fig.  1 : ‘ F.A.S.,’  pi.  LXXXII.,  figs.  13,  16,  18  : and  pi.  III.,  fig.  3,  of  the  present  volume. 

3 See  table  on  page  12. 
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the  two  specimens  are  from  the  same  side  of  tlie  jaw,  they  are  excellently  adapted 
for  exhibiting  the  characteristic  differences. 

As  the  result  of  the  foregoing  comparisons,  the  present  writer  (although  fully 
aware  of  the  difficulty  of  distinguishing  the  horses  solely  by  means  of  their 
dentition)  is  very  strongly  of  opinion  that  the  teeth  under  consideration  indicate  a 
third  Siwalik  Ilippotherium,  intermediate  in  size  between  the  other  two  species.  It 
was  shown  in  the  second  volume^  that  a lower  jaw  from  the  Punjab  provisionally 
referred  to  U.  theohaldi  differed  in  some  respects  from  the  type  specimen,  and  it  is 
possible  that  it  may  belong  to  the  same  form  as  the  upper  molars  from  Perim. 

The  latter  are  distinguished  from  the  upper  teeth  of  H.  gracile  in  much  the 
same  respects  as  from  those  of  H.  antilopinum.  It  ai^pears,  moreover,  tliat  in  all  the 
Indian  species  the  plications  of  the  dentine  and  enamel  are  decidedly  more  complex 
than  in  the  European  species ; this  character  being  especially  noticeable  in  well- 
worn  teeth.'^ 

The  writer  has  been  unable  to  identify  the  Perim  teeth  with  any  of  the 
American  species.  They  are  markedly  distinct  from  Jl.  calainariimi^  in  which  the 
hinder  pillar  of  the  upper  cheek-teeth  is  remarkably  large  ; and  they  differ  from 
H.  speciosum^  by  their  superior  size,  by  the  more  cylindrical  anterior  pillar,  and  the 
greater  com25lexity  of  the  plications  of  the  enamel. 

Specific  distinctness. — If  further  discoveries  confirm  the  conclusion  that  the  Perim 
teeth  probably  belong  to  a new  species,  tlie  name  H.  feddeni  may  be  ap]3ropriately 
applied. 

Affinities  of  the  Suoalik  species. — The  extreme  complexity  of  structure  of  the 
molars  of  the  Siwalik  hippotheres,  coupled  Avith  the  absence  of  pni.  i in  at  least  one 
species,  points  to  the  conclusion  that  none  of  these  species  were  on  the  direct 
ancestral  line  of  Equus. 

SuB-OuDER : PROBOSCIDIA. 

Nomenclature  of  the  milk  and  premolar  series. — In  the  first  volume  of  this  work,® 
owing  to  the  general  absence  in  the  Proboscidia  of  the  first  deciduous  cheek-tooth  of 
the  typical  eutherian  series,  the  three  teeth  of  this  series  which  are  normally 
developed  in  the  elephantine  family  of  that  sub-order  were,  folloAving  Dr.  Falconer, 
respectively  termed  antepenultimate,  penultimate,  and  last,  or  more  generally,  first, 
second,  and  third.  Although  this  nomenclature  is  convenient  for  the  Proboscidia 
when  considered  by  themselves,  it  is  apt  to  lead  to  confusion  Avhen  treating  of  the 
other  sub-orders  of  the  Ungulata,®  and  the  rest  of  the  Mammalia ; and  it,  therefore, 
seems  best  to  adopt  the  nomenclature  of  the  typical  eutherian  series.  In  this 

1 Page  20,  pi.  XII.,  fig.  4. 

2 Compare  the  specimens  figured  in  Gaudry’s  “ Ann.  Foss,  et  Geol.  de  I’Attique,”  pi.  XXXIV.,  fig.  7. 

3 Cope,  “Rep.  U.  S.  Geog.  Surv.  W.  of  100th  Meridian,’’  vol.  IV.,  pt.  II.,  pi.  LXXA^.,  fig.  1.  This  species  is 
distinguished  from  the  European  and  both  the  other  Indian  species  hj’'  the  want  of  the  anterior  projection  of  pm.  2. 

4 Ibid,  fig  3.  5 Pp.  198-201. 

6 The  discrepancy  was  not  so  marked  when  the  Proboscidia  were  regarded  as  a group  of  equivalent  value  with  the 
Ungulata. 
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memoir,  therefore,  the  three  milk-molars  of  the  elephantine  Proboscidia  will  be 
respectively  termed  the  second,  third,  and  fourth.  The  same  rule  will  be  applied  to 
the  prcmolars  ; the  two  teeth  of  that  scries  usually  present  being  respectively  termed 
the  third  and  fourth.  This  explanation  will,  it  is  hoped,  obviate  any  confusion  that 
might  arise  from  this  change  of  nomenclature. 

Family  : ELE PIIANTIDjE. 

Genus:  MASTODON,  Cuvier. 

Number  of  Siivalik  species. — In  the  first  volume  of  this  worlP  five  species  of 
Siwalik  mastodons  were  described ; two  belonging  to  the  trilophodont,  and  three  to 
the  tetralophodont  section  of  the  genus.  The  specimens  described  in  the  present 
memoir  indicate  a third  species  of  the  former  section ; and  illustrate  rather  more 
fully  the  dentition  of  the  other  Siwalik  species  of  the  same  section. 

Additional  American  species.— It  may  be  mentioned  that  to  the  list  of  species  of 
mastodons  given  in  the  first  volume^  there  should  be  added  the  two  following 
undescribed  species,  viz.'. 

Mastodon  {^Tetralophodon)  campester,  Miocene;  N.  America. 

Mastodon  proavus,  Cope.'*  Pliocene  ; N.  America. 

Neiv  proboscidian  genus. — Since  tlie  publication  of  the  same  volume  the  tusk  of 
a fossil  prolioscidian  from  the  tertiaries  of  Australia  has  been  described  by  Sir  R. 
Owen,^  under  the  name  of  Notelephas  australis.^ 

Distribution  of  Indian  mastodons. — A very  remarkable  circumstance  in  connection 
with  the  distribution  of  Indian  mastodons  is  revealed  by  the  specimens  described  in 
the  sequel,  and  those  already  described  in  the  first  volume  of  this  work.  This 
circumstance  is  that  tetralophodont  forms  are  alone  found  in  the  typical  eastern 
Siwalik  Hills,  and  Burma,  while  on  the  extreme  north-western  side  of  India, 
trilojihodont  are  the  dominant,  or  sole,  forms.^  It  is  worthy  of  remark  that 
I inotlierium  occurs  in  the  region  occupied  by  the-  trilophodons,  while  the  true 
elephants  are  confined  to  the  tetralophodont  region,  where  the  intermediate 
stegodons  also 'occur. 

As  the  dinotheres  are  essentially  European  forms,  and  as  there  is  an  Indian 
species  {D.  sindiense)  connecting  these  with  the  trilophodons,  Avhile  it  will  be  shown 
in  the  sequel  that  there  are  good  reasons  for  regarding  at  least  two  of  the  Siwalik 
trilophodons  as  immigrants  into  India  from  the  west,  it  is  not  impossible  that  the 

1 Pp.  202-256.  2 p.  283. 

3 ‘ Pro.  Amcr.  Phil.  Soc.,’  vol.  XVII.,  p.  225,  1S77  : this  species  is  said  to  be  allied  to  M.  lohgiroslris. 

4 ‘ Pep.  U.S.  Geol.  Surv.,’  1873,  p.  531  : this  species  is  known  only  by  one  perfect  tooth,  and  some  broken  teeth,  and  an 
astragalus  : it  is  not  stated  whether  it  is  a Tetra-  or  Trilophodon. 

3 ‘ Phil.  Trans.,’  1882,  p.  772. 

6 The  present  writer  is  fain  to  confess  that  he  can  see  no  reason  for  assigning  the  tusk  in  question  to  a new  genus. 

7 M.  latidens  ranges  into  Sind  ; in  Dera  Bugti  and  the  Biigti  Hills  no  remains  of  tetralophodons  have  been  found. 
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dinotheres  and  trilophodons  of  the  lower  Siwaliks  of  the  west  of  India  were,  if  not 
the  actual  progenitors,  at  least  closely  connected  with  the  ancestors,  of  the  tetralo- 
phodons,  stegodons,  and  true  elephants  of  the  upper  Siwaliks  of  the  eastern  side  of 
that  country,  although  from  the  existence  of  M.  latidens  in  the  lower  Siwaliks  of 
Sind  some  of  these  transitions  may  have  taken  place  in  the  regions  to  the  west  of 
India;  the  higher  forms  alone  having  migrated  eastward/  It  is  quite  possible  to 
imagine  that  the  tetralophodont  M.  latidens,  with  its  short  mandibular  symphysis, 
may  have  taken  origin  from  the  trilophodont  M.  angustidens,^  with  its  long 
symphysis ; and  the  transition  from  the  former  to  the  stegodons  and  higher 
elephants  has  been  shown  in  the  first  volume  to  be  so  extremely  gradual  and 
complete,  that  it  is  highly  probable  that  the  one  may  be  the  ancestor  of  the  other. 

If  then,  the  true  elephants  took  their  origin  from  the  stegodons  characteristic 
of  Eastern  Asia  there  must  either  have  been  a subsequent  western  migration  towards 
Europe ; or,  which  is  equally  possible,  the  stream  went  continuously  eastward  via 
China,  Japan,  and  America.^  T]iat  there  should  be  difficulties  in  some  of  the 
above-mentioned  views  (which  are  put  forth  merely  in  the  light  of  suggestions  for 
further  thought)  is  but  natural.  Thus  if  the  tetralophodons  of  India  took  their 
origin  in  that  country  from  the  trilophodons,  how  did  the  iqDper  miocene  tetra- 
lophodon  of  Europe  ( Jf.  longirostrisy  arise  ? Could  the  different  tetralophodons 
have  had  separate  origins  from  the  trilo^Dhodons  ? If  moreover  true  elejDhants 
originated  in  India  during  some  part  of  the  Siwalik  period,  there  is  some  difficulty 
in  seeing  hoAv  they  should  have  reached  Europe  by  the  time  of  the  iqiper  pliocene. 
These  difficulties,  however,  though  great,  are  not  insurmountable ; but  before  these 
views  can  be  put  into  definite  shape  it  requires  a further  knoAvledge  of  the 
proboscidians  of  China  and  Japan  ; and  some  information  regarding  those  of  Persia 
and  Asia  Minor. 

Genealogy  of  the  elephants. — A few  observations  on  the  genealogy  of  the 
elephantine  Proboscidia  arising  from  the  study  of  the  sjjecimens  described  in  the 
sequel  may  be  here  recorded.  The  presence  in  some  of  the  mastodons  of  simple 
tetraconodont  premolars  like  those  represented  in  pi.  Y.,  figs.  2 and  6,  suggests  the 
probability  of  the  descent  of  these  animals  from  some  primal  ungulate,  furnished 
with  teeth  of  this  simple  structure,  in  which  the  premolars  were  as  fully  deAmloped 
as  the  molars.  The  replacement  of  the  three-ridged  last  lower  milk-molar  of  the 
pigs  by  a much  simpler  premolar,  is  very  similar  to  the  replacement  of  the 
corresponding  upper  tooth  in  the  trilophodont  mastodons  by  a tetraconodont 

1 The  stegodons  are  known  to  extend  to  China  and  Japan  ; Elephaa  namadiem  also  occurring  in  that  country. 

2 The  ridges  and  valleys  in  this  species  are  not  quite  so  simple  as  in  M.  laiidens  ; hut  there  seems  no  reason  why  the 
modification  in  one  direction  may  not  have  tended  to  simple,  and  in  another  to  complex  ridges. 

* The  association  of  E.  primigenhn  with  E.  namadicus  in  Japan  and  the  occurrence  of  the  former  in  N.  America  is  in 
favour  of  this  view  : and  it  has  been  shown  in  the  previous  volume  that  the  migration  of  the  machaerodonts  not  improbably 
followed  a similar  course. 

4 The  European  tetralophodons  (df.  lovgirostri!:,  M.  arvernensik),  from  the  very  irregular  ridges  of  their  molars,  cannot 
be  looked  upon  as  on  the  direct  ancestral  line  of  the  true  elephants. 
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premolar ; and  it  is  merely  necessary  to  assume  the  addition  of  an  extra  pair  of 
columns  to  each  of  the  true  molars  of  the  hunodont  Artiodactyla  to  produce  a 
dentition  analogous  to  that  of  the  simple-toothed  mastodons.  What  the  primal 
ungulate  may  have  been  that  gave  origin  to  the  Proboscidia  is  at  present  unknown  ; 
that  it  was  intimately  related  to  some  of  the  eocene  ungulates  of  America  is  almost 
certain,  from  the  reseml^lance  of  their  foot-structure  to  that  of  the  elephants  : the 
dentition  of  the  former  indicates,  however,  that  they  are  probably  a branch  which 
diverged  at  an  early  date  from  the  proboscidian  stock,  and  are  more  intimately 
connected  in  this  respect  with  the  modern  Perissodactyla. 

The  mastodons,  and  still  more  the  true  elephants,  may  be  regarded  as  animals 
retaining  a very  primitive  type  of  skeleton,  but  whose  dentition  has  reached  a very 
high  degree  of  specialization,  d'he  want  of  specialization  in  the  skeleton  may  not 
improbal3ly  be  due  to  the  huge  size  of  these  animals,  whereby  they  have  obviated 
the  necessity  of  modifications  on  the  primitive  type  of  skeleton,  which  are  necessary 
to  produce  a limb  capable  of  the  rapid  flight  of  animals  like  the  horse  and  the 
antelope.  Their  dentition  has  been  gradually  increasing  in  specialization  in  order 
to  make  the  utmost  possible  use  of  the  diet  on  which  these  animals  subsist. 

The  survival  of  the  elephant  in  India,  after  so  many  highly  specialized 
ungulates  {e.g.-,  Sivatherium)  have  entirely  disappeared,  seems  to  indicate  the  inherent 
vitality  of  a primitive  form  when  once  it  has  attained  an  amount  of  specialization  in 
any  direction  (in  this  case  in  dentition,  and  corporeal  bulk)  to  enable  it  to  hold  its 
own  among  other  animals. 

Species  1 : Mastodon  (Trilophodon)  angustidens,  Cuv. 

Yar.  PAL^iNDicus,  nobis. 

First  record  of  occurrence  in  India. — It  has  been  stated  in  the  first  volume*  that 
some  of  the  first-found  mastodon  remains  from  the  Siwaliks  were  originally  referred 
to  M.  angustidens.^  but  were  subsequently  separated  under  the  name  of  M.  sivalensis. 
The  only  other  notice  referring  to  the  occurrence  of  M.  angustidens  in  India  is  one 
published  in  1888^  referring  to  some  of  the  specimens  forming  the  subject  of  the 
present  description.  All  these  specimens,  with  one  exception,  which  will  be  noticed 
in  the  sequel,  were  obtained  from  Dera  Biigti. 

Third  loiver  true  molar. — In  order  to  determine  the  serial  position  of  the  different 
teeth  described  in  the  sequel  it  has  been  found  necessary  to  commence  with  the  last 
teeth  of  the  series ; of  which  a specimen  from  the  right  side  of  the  lower  jaw  is 
represented  in  plate  IV.,  fig.  3.  This  tooth,  which  is  in  an  intermediate  stage  of 
wear,  was  associated  with  the  second  upper  true  molar  represented  in  figure  2 of  the 
same  plate  : it  carries  four  transverse  ridges  and  a talon  ( to) ; from  which  circum- 
stance, together  with  the  shape  of  the  crown,  and  the  concave  form  of  the  worn 
masticating  surface,  it  is  evidently  the  last  lower  molar  of  a trilophodont  mastodon. 


1 Page  248. 


^ ‘ Records,’  vol.  XVI.,  pp.  161-2. 
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The  transverse  ridges  are  divided  by  a fissure  traversing  the  long  axis  of  the  crown 
into  inner  and  outer  columns,  which  have  a tendency  to  an  alternate  arrangement. 
Each  of  the  valleys  dividing  the  ridges  is  blocked  by  adarge  accessory  column  (a), 
placed  on  the  posterior  aspect  of  the  transverse  ridges,  and  extending  across  the 
median  longitudinal  fissure.  When  slightly  more  worn  the  dentine  surface  of  each 
of  these  accessory  columns  would  coalesce  with  that  of  the  outer  column  immediately 
in  front  of  it,  and  produce  rudely  trefoil-shaped  dentine  islets ; and  it  is  evident 
that  in  a somewhat  earlier  stage  of  wear  the  antero-internal  angle  of  each  of  the 
outer  columns  (b)  would  have  formed  a separate  smaller  anterior  accessory  column. 
At  the  outer  extremity  of  each  of  the  transverse  valleys  there  is  a low,  blunt 
tubercle ; the  separate  tubercles  being  connected  by  a cingulum.  The  transverse 
valleys  are  comparatively  wide  at  their  extremities  so  that  the  ridges  are  not  in 
contact.  There  is  no  trace  of  any  cement. 

Compared  with  the  corresponding  tooth  of  the  Siwalik  M.  pandionis,^  the  present 
specimen  will  be  found  to  differ  very  widely.  In  the  first  place,  it  is  of  considerably 
smaller  size ; while  the  ridges  are  lower,  and  the  hind  talon  is  single  in  place  of 
double  : the  anterior  talon  seems  also  to  have  been  smaller. . The  accessory  columns 
of  M.  pandionis  are  much  more  numerous,  being  wedged  in  between  the  main 
columns  of  the  ridges,  and  blocking  the  transverse  valleys  to  a much  greater  extent 
than  in  the  present  specimen.  The  columns  composing  the  transverse  ridges  in 
M.  pandionis  are  moreover  in  close  contact  at  their  bases,  so,  that  the  valleys  become 
extremely  narrow.  The  blunt  tubercles  occurring  at  the  outer  extremities  of  the 
transverse  valleys  of  the  present  specimen  are  not  distinctly  developed  in  M. 
pandionis ; and  the  worn  dentine  surfaces  of,  the  latter  have  no  tendency  to  assume  a 
trefoil  shape.  Finally,  cement  is  present  in  large  quantities  in  the  molar  of 
M.  pandionis. 

The  corresponding  molar  of  3£.  falconeri.^  the  other  Siwalik  trilophodon,  is 
unknown,  but  as  it  will  be  shown  below  that  the  other  teeth  of  the  Biigti  mastodon 
are  different,  the  present  specimen  cannot  be  referred  to  that  species. 

Compared  with  the  last  lower  molar  of  M.  angustidens  the  present  specimen 
agrees  very  closely.  A tooth  of  that  species  figured  by  H.  von  Meyeff  is  of  precisely 
the  same  size,  and  has  the  same  general  contour  of  the  crown,  with  the  exceiDtion 
that  the  borders  of  the  crown  are  less  curved  : and  in  other  European  specimens''^ 
these  borders  are  still  less  curved.  The  arrangement  of  the  ridges,  and  the 
form  of  the  transverse  valleys  is  exactly  the  same  in  the  two  ; and  there  are  the 
same  blunt  tubercles  at  the  outer  extremities  of  the  transverse  valleys.  The  hind 
talon  of  the  European  tooth  is,  however,  more  detached  ; and  consists  of  only  one 
column.  The  most  important  difference  between  the  two  teeth  consists  in  the 

1 Vol.  I.,  pi.  XXXIV.,  fig.  2 ; XXXV,.  fig.  4 : the  second  of  these  specimens  agrees  exactly  in  its  degxee  of  wear  with 
the  specimen  under  consideration,  and  from  belonging  to  the  same  side,  is  very  favourable  for  comparison. 

2 “ Palaontographica,”  vol.  XVII.,  pi.  VII.,  figs.  3 and  4. 

3 Vacek,  ‘ Abhand.  k.  k.  geol.  Eeich.,’  vol.  VII.,  pt.  4,  pi.  IV.,  fig.  2. 
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greater  development  of  tlie  posterior  accessory  columns  (a)  in  the  Indian  tooth.  In 
the  European  tooth  these  are  not  larger  than  the  anterior  accessory  columns  (b),  and 
do  not  extend  on  the  outer  side  of  the  median  longitudinal  fissure ; this  causes  the 
blocking  of  the  middle  of  the  transverse  valleys  to  be  less  complete  than  in  the 
Indian  tooth.  In  some  European  specimens^  the  development  of  the  posterior 
accessory  columns  is  still  less  ; but  in  others  again^  it  is  greater,  although  perhaps 
never  quite  so  large  as  in  the  Indian  tooth.  Tliere  is  a considerable  degree  of 
variation  in  the  size  of  the  hind  talon  in  European  specimens. 

It  appears,  therefore,  that  the  differences  between  the  present  specimen  and  the 
last  lower  molar  of  3£.  fmgustidens  are  scarcely,  if  at  all,  greater  than  those  occurring 
between  different  European  specimens  of  the  latter ; and  it  thus  seems  probable  that 
at  the  most  they  should  be  reckoned  merely  as  of  varietal  value.  The  greater 
development  of  the  accessory  columns  in  the  Indian  tooth  is  a step  from  the  typical 
form  of  M.  angusiidens  towards  the  more  complex  tooth  of  M.  pandionis. 

In  the  following  table  the  dimensions  of  the  present  specimen  are  compared  with 
those  of  the  corresponding  teeth  of  M.  pandionis^  and  M.  angustidend^ ; the  specimens 
of  the  teeth  of  the  two  latter  being  in  the  same  condition  of  wear  as  the  Bugti  tooth. 

Specimen.  M.  angustidens.  M.  pandionis. 

Total  length 5'65  5.85  8'4 

Greatest  width  of  first  ridge  . . . 2'38  2'6  3’3 

Height  of  first  ridge  ....  TO  1-0  1-8 

,,  ,,  hind  talon  ....  T35  0’8  2‘6 

A smaller  tooth  of  M.  pandionis  has  a length  of  7'4  inches.  The  European 
molar  of  M.  angustidens  is  an  unusually  small  one. 

Second  upper  true  molar. — The  tooth  represented  in  plate  IV.,  fig.  2,  belonged  to 
the  same  individual  as  the  last  specimen.®  The  regular  oblong  form  of  the  crown 
shows  that  it  belongs  to  the  upper  jaw;  while  the  presence  of  but  three  ridges, 
which  are  more  worn  than  those  of  the  last  lower  tooth,  shows  that  it  must  be  the 
second  true  molar : it  belongs  to  the  left  side  of  the  skull.  The  tooth  exhibits  a 
large  concavity  on  its  anterior  surface,  caused  by  the  pressure  of  the  preceding 
tooth : the  crown  is  so  worn  that  the  dentine  surfaces  of  the  outer  and  inner  columns 
of  the  two  first  ridges  have  coalesced ; and  have  also  united  with  those  of  the 
accessory  columns.  In  the  last  ridge  the  internal  column  is  still  separate,  and  the 
position  of  the  large  anterior  accessory  column®  [a)  can  still  be  detected  : the  hind 
talon  {ta)  was  evidently  well  developed;  and  the  large  tubercles  can  be  seen  at  the 
inner  extremities  of  the  transverse  valleys. 

This  tooth  agrees  in  all  general  characters  with  the  corresponding  molar  of 
31.  angustidens  ; but  is  intermediate  in  size  between  European  specimens  of  i and 

1 Vacek,  ‘ Afifiand.  k.  k.  geol.  Eeicli vol.  VII  , pt.  4,  pi  IV  , fig  2 

2 Compare  a specimen  figured  by  De  Blainville— “ Osteographie,”  Genus  Elepbas,  pi.  XV. 

3 Supra.,  vol.  I.,  pi.  XXV.,  fig.  4.  4 Meyer,  op.  cit. 

5 Inferred  from  the  precise  similarity  in  the  mineral  condition  of  the  two  specimens  ; and  from  their  agreement  in  size, 
and  their  relative  condition  of  wear. 

3 This  corresponds  to  the  larger,  or  posterior,  accessorj^  column  in  the  lower  teeth. 

F 
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m.  2.^  In  the  Indian  tooth,  however,  the  anterior  accessory  column  seems  to  have 
been  relatively  larger ; and  extended  across  the  median  antero-posterior  fissure, 
instead  of  being  confined  to  its  inner  side.  There  apjDears  a certain  amount  of 
variation  in  the  degree  of  development  of  the  accessory  tubercles  in  European 
specimens  of  of  M.  angustidens^ ; a specimen  figured  by  Kaup^  being  apparently 
very  close  to  the  Indian  tooth. 

The  molar  represented  in  plate  IV.,  fig.  1,  is  a still  more  worn  specimen  of  the 
same  tooth  : it  is  slightly  wider  than  the  last ; but  as  similar  variations  obtain  among 
European  specimens  this  difference  cannot  be  considered  as  of  more  than  individual 
value.  In  this  much-Avorn  tooth,  not  only  have  the  dentine  surfaces  of  the  separate 
columns  united,  but  those  of  the  first  and  second  ridges  have  likewise  coalesced ; the 
extremely  worn  dentine  surfaces  assuming  a regular  elliptical  shape.  Traces  of  the 
outer  column  of  the  last  ridge  still  persist.^  Precisely  similar  conditions  of  wear 
obtain  in  European  teeth  of  31.  angustidens.^ 

If  the  two  teeth  described  aboAm  be  compared  Avith  the  corresiAonding  tooth  of 
the  Siwalik  31.  falconeid,^  they  Avill  be  found  to  differ  by  their  greatly  inferior  size. 
They  also  differ  by  their  smaller  hind  talon,  and  the  greater  deAmlopmeiit  of  the 
anterior  accessory  column  (a),  and  the  consequently  less  regular  trefoils  formed  by 
the  dentine  surfaces  of  the  inner  columns.  The  difference  in  size  is  indeed  so  ffreat 
that  the  teeth  under  consideration  correspond  in  this  respect  with  m.  1 rather  than 
m.  2 of  31.  falconeri.  An  almost  uiiAVorn  molar  of  that  species  is  represented  in  vol.  I., 
pi.  XXXIII.,  fig.  3,  Avhere  it  is  regarded  as  m7I  : from  its  regularly  oblong  form 
this  tooth  is,  hoAvever,  more  jDrobably  ni.  ] , of  the  right  side.  It  exhibits  equally 
well  the  differences  from  the  teeth  under  consideration,  pointed  out  in  comparing 
them  with  m.  2 of  the  same  species.  The  large  fore-and-aft  talons  are  Avell  displayed. 
From  the  second  true  molar  of  31.  iiandionis^  the  present  specimens  are  likewise 
distinguished  by  their  greatly  inferior  size.  The  crown  of  the  latter  (although  the 
different  degree  of  wear  of  the  specimens  is  not  Amry  fuAmufable  for  comparison)  is 
of  a more  comj)lex  structure,  owing  to  the  greater  number  of  accessory  columns, 
and  the  fine  plications  into  Avhich  the  enamel  is  thrown.  The  form  of  the  Avorn 
dentine  surfaces  is  not  very  unlike  in  the  tAvo ; although  those  of  the  present  species  have 
a greater  tendency  to  a trefoil  shape  : the  tooth  of  31.  pandionis  is  further  distinguished 
by  the  presence  of  a large  amount  of  cement.  The  Biigti  teeth  agree  more  nearly  in  size 
with  nu  1 of  31.  pandionis  of  which  an  unworn  specimen  is  represented  in  plate  V., 
fig.  5 : exhibiting  Avell  the  highly  complex  crown,  Avith  its  tall  columns.  This  tooth 

1 Specimens  of  these  teeth  in  nearly  the  same  condition  of  wear  are  figured  hy  Herr  Vacek  {op.  cif.,  pi.  V.,  figs.  3,  4)  : 
they  are  viewed  from  the  outer  side. 

2 Compare  Meyer,  op.  cit.,  pi.  I.,  fig.  5 : pi.  III.,  fig.  7.  .3  “Beitrage,”  pt.  3,  pi.  III. 

4 As  this  tooth  might  he  mistaken  for  mTi  of  Dinotherium,  it  may  he  well  to  point  out  that  it  is  distinguished  from  that 
tooth  in  I),  indicum  (vol.  I.,  pi.  XXXI.,  fig.  2),  hy  the  circumstances  that  in  the  latter  the  dentine  surfaces  of  the  ridges 
assume  an  irregular  shape  when  most  worn  ; the  reverse  obtaining  in  the  present  teeth.  The  molar  of  Binoiheriwn  is  also 
distinguished  hy  its  much  thicker  enamel. 

6 Compare  Vacek,  op.  cit.,  pi.  V.,  fig.  4.  6 Supra,  vol.  1.,  pi.  XXXII.,  fig.  1.  7 dl/id,  pi.  XXXVa. 
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is,  however,  still  less  favourable  for  comparison  with  the  present  specimens.  A 
mnch  worn  left  m,  I hgurecl  in  the  first  volume  (pi.  XXXII.,  fig.  4),  as  belonging  to 
M.  falconeri,  but  which  will  be  shown  in  the  sequel  to  belong  to  M.  imndionis,  differs 
very  markedly  from  the  specimens  under  consideration,  with  which,  from  its  state  of 
wear,  it  is  very  favourable  for  comparison.  In  the  first  place,  the  crown  surface  is 
much  more  convex  antero-posteriorly ; while  the  anterior  borders  of  the  worn 
dentine  surfaces  are  highly  convex,  instead  of  nearly  straight : and,  in  the  second 
place,  the  dentine  surfaces  of  the  inner  and  outer  columns  coalesce  completely  in 
the  third  ridge  before  they  do  in  the  second ; the  reverse  condition  obtaining  in  the 
present  teeth.  Again,  the  dentine  surface  of  the  third  ridge  of  M.  loandionis^  by  the 
absorption  of  the  large  double  hind  talon,  becomes  much  larger  than  that  of  either 
of  the  others. 


In  the  following  table  the  dimensions  of  the  two  specimens  under  consideration 
are  compared  with  those  of  .m.  2 of  M.  falconcri,  M.  pandionis,  and  M,  angustidenss" 


from  Europe : — 

, 

Present  specimens. 

M.  angustidens. 

M.  falconeri. 

M.  pandionis. 

, 

A 

f 

Extreme  length 

3-63 

3-52 

4-52 

4-65 

5-2 

6-1 

Width  at  first  ridge 

2-2 

2-42 

2'8 

2-9 

3-5 

3-6 

A specimen  of  m.  2 of  M.  angustidens  from  Simorre,  figured  by  MM.  Lortet  and 
Chantre,^  has  almost  precisely  the  same  dimensions  as  the  second  Biigti  specimen. 

Second  loiver  true  molar. — The  tooth  represented  in  pi.  IV.,  fig.  7,  and  in  pi.  V., 
fig.  3,  was  obtained  from  Gandoi.  It  has  been  scarcely  worn ; and  from  its 
diminishing  rapidly  in  width  towards  the  anterior  extremity  must  be  referred  to  the 
lower  jaw;  and  belongs  to  tlie  left  side.  From  its  general  resemblance  to  the  teeth 
already  described,  it  must  be  referred  to  the  same  species  ; while  from  its  agreeing 
in  size  with  the  upper  tooth  represented  in  fig.  2 of  the  same  plate,  it  must  in  all 
probability  be  regarded  as  the  homologous  tooth  of  the  lower  jaw ; or  iW.  The 
crown  carries  three  transverse  ridges,  a small  anterior,  and  a large  posterior  talon 
[ta) ; the  latter  carrying  two  columns.  T]ie  median  longitudinal  fissure  is  distinct ; 
and  tlie  transverse  valleys  are  broad  ; the  first  of  these  having  a low,  blunt  tubercle 
( tu)  at  its  outer  extremity ; tlie  posterior  accessory  columns  ( a)  are  larger  than  the 
anterior  [h) ; and  in  the  first  valley  the  former  extends  slightly  on  the  inner  side  of 
the  median  longitudinal  fissure. 

In  structure  this  tooth  agrees  precisely  with  IVV  of  31.  angustidens,^  although  it 
is  possible  that  the  posterior  accessory  column  may  be  slightly  larger.  In  the  form 
of  the  hind  talon,  in  which  there  is  a certain  amount  of  variation,  it  is  nearest  to  a 
specimen  figured  by  Kaup.^  In  size  it  is  somewhat  smaller  than  European  specimens 
of  the  corresponding  tooth. 

From  the  corresponding  tooth  of  M.  falconerv’  the  present  specimen  is 

1 The  specimens  figured  by  Meyer.  2 ‘Arch.  Mus.  Hist.  Nat.  Lyon,’  voj.  II  , pi.  XV.,  fig.  9a. 

3 Meyer,  op.  cil , pi.  IV.,  fig.  6 : Vacek,  op.  cit.,  pi.  IV.,  fig.  2.  4 “ Beitriige,”  pt.  3,  pi.  III. 

5 Supra.,  vol.  I.,  pi.  XXXIII.,  figs.  1,  4. 
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distinguislied  by  its  greatly  inferior  size,  and  by  the  lesser  development  of  the  hind 
talon,  which  consists  of  only  one  row  of  columns,  and  is  considerably  lower  than  the 
last  ridge.  In  M.  falconeri^  moreover,  the  anterior  and  posterior  accessory  columns 
are  more  equal  in  size ; and  the  inner  column  of  each  ridge  shows  a tendency  to 
divide  into  separate  cusps,  which  is  not  the  case  in  the  tooth  under  consideration. 

The  corresponding  tooth  of  a small  individual  of  M.  pandionis'-  is  somewhat 
larger  than  the  present  specimen  ; and  is  readily  distinguished  by  its  more  complex 
hind  talon,  and  accessory  columns ; of  which  the  anterior  and  posterior  have 
coalesced  to  form  two  large  columns  situated  in  the  same  transverse  line,  and 
extending  far  on  either  side  of  the  median  longitudinal  fissure.  The  transverse 
valleys  are  much  narrower,  and  have  no  tubercles  at  their  outer  extremities  ; and  in 
consequence  of  this  arrangement  are  blocked  to  a much  greater  degree.  There  is 
no  tendency  to  the  formation  of  trefoil-shaped  dentine  islets  in  M.  pandionis,  and 
the  section  of  the  enamel  displays  a crenulated  arrangement.  The  first  lower  molar 
of  M.  pandionis  represented  in  pi.  V.,  figs.  1,  la,  of  this  volume,  exhibits  the  much 
higher  and  stouter  transverse  ridges  characteristic  of  that  species  ; as  well  as  the 
more  complex  crown,  though  the  latter  character  is  somewhat  less  marked  than  in 
m.  2 of  that  species. 

The  dimensions  of  the  specimen  represented  in  pi.  IV.,  fig.  7,  are  compared 
below  with  those  of  m.  2 of  M.  angustidens^  M.  falconeri,  and  M.  pandionis. 


Specimen. 

M.  angustidens. 

M.  falconeri. 

M.  pandionis. 

Extreme  length  .... 

3-73 

4'4 

6-4 

4-1 

Width  at  first  ridge 

1-82 

2-17 

3-05 

,,  ,,  third  ,,  ... 

2-2 

2-68 

3-7 

2-6 

Height  of  outer  column  of  do. 

. 1 '5 

An  homologous  tooth  of  M.  angiistidens  from  Simorre,  figured  by  MM.  Lortet 
and  Chantre,®  has  almost  precisely  the  same  dimensions  as  the  Gandoi  specimen. 

First  lower  true  molar. — The  specimen  represented  in  pi.  IV.,  fig.  8,  is  the 
anterior  part  of  a well-worn  left  lower  true  molar  ; which  from  its  narrower  anterior 
extremity  may  probably  be  regarded  as  tlie  tooth  preceding  the  last  specimen,  or, 
the  first  true  molar  : if  this  reference  be  correct  (and  it  is  confirmed  by  the  relative 
size  of  mm.  4 described  below)  it  must  have  belonged  to  a somewhat  larger  individual 
than  that  to  which  the  last  specimen  belonged.  A comparison  of  the  figures  will 
show  that  this  specimen  agrees  in  all  essential  details  with  the  latter : the  space 
occupied  by  the  first  and  second  ridges  is,  however,  rather  greater,  indicating  the 
more  elongated  type  of  the  present  tooth  : the  posterior  accessory  tubercle  {a)  in  the 
first  valley  is,  moreover,  relatively  larger,  its  base  extending  outwards  as  far  as  the 
tubercle  at  the  entrance  of  the  valley  : analogous  variations  occur  in  M.  angustidens. 
The  posterior  accessory  column  is  rather  larger  than  in  any  European  teeth  of 
M.  angustidens,  which  have  come  under  the  writer’s  notice  ; and  the  specimen  agrees, 
therefore,  in  this  respect  with  the  last  lower  molar  already  described.  The  points  in 

1 Supra,,  vol.  I.,  pi.  XXXIV.,  fig.  1 : tlie  specimen  belongs  to  the  opposite  side  of  the  jaw. 

2 Vacek,  op.  cit.,  pi.  IV.,  fig.  2.  3 Op.  cit.,  pi.  XV.,  fig.  15. 
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whicli  this  tootli  differs  from  m.  I of  M.  iiandionis  will  be  alluded  to  under  the  head 
of  that  species. 

The  still  more  worn  hinder  portion  of  a right  lower  molar  represented  in  pi.  V., 
fif>'.  7,  from  its  being  narrower  and  somewhat  smaller  than  the  second  true  molar 
described  above,  may  in  all  probability  be  likewise  regarded  as  a first  true  molar. 
This  tooth  is  of  a shorter  type  than  the  last  specimen  ; but  otherwise  agrees  with  it. 
It  is  of  very  nearly  the  same  size  as  an  homologous  upper  tooth  figured  by  H.  von 
MeyeP  ; and  might  have  belonged  to  an  individual  of  the  same  size  as  that  to  which 
the  tooth  represented  in  pi.  IV.,  fig.  1 belonged. 

Fourth  lower  milJc-molar. — The  perfect  tooth  represented  in  pi.  IV.,  fig.  5, 
evidently  belongs  to  the  same  species  as  the  preceding  specimens  ; and  from  its 
small  size  must  be  the  last  milk-molar,  probably  belonging  to  an  individual  of  the 
size  of  that  to  which  the  first  true  molar  represented  in  fig.  8 of  the  same  plate 
belonged.  It  is  of  nearly  the  same  size  as  a last  milk-molar  of  M.  angustidens  figured 
by  Kaup,^  but  rather  smaller  than  one  figured  by  MM.  Lortet  and  Chantre.®  The 
specimen  is  in  a middle  stage  of  wear ; and  is  almost  a miniature  facsimile  of  the 
tooth  represented  in  fig.  7 of  the  same  plate.  It  agrees  with  European  specimens  of 
mm.  4 of  M.  angustidens^  with  the_  exception  of  the  somewhat  larger  size  of  the 
posterior  accessory  columns  (a).  The  cingulum  and  the  tubercles  at  the  outer 
extremities  of  the  transverse  valle3^s  [tiC)  are  particularly  well  displayed.  The 
length  of  this  tooth  is  2*4;  its  greatest  width  D37 ; and  the  height  of  the  worn 
inner  column  of  the  third  ridge  O’ 78  inch.  The  last  lower  milk-molar  of  M. 
pandionis"^  has  a higher  crown ; and  a length  of  3 ’4,  with  a width  of  2’3  inches. 
The  corresponding  tooth  of  M.  falconeri  is  unknown. 

Last  upper  joremolar. — At  least  two  types  of  last  upper  premolars  of  trilophodont 
mastodons  are  known  from  the  Siwaliks ; but  as  these  have  never  been  found 
associated  with  the  true  molars  there  is  very  great  difficulty  in  assigning  them  to 
their  respective  species ; and  their  reference  must  accordingly  be  considered  more  or 
less  provisional.  In  pi.  V.,  figs.  2,  2a,  there  is  represented  a tooth  from  Dera  Bugti, 
which,  from  certain  reasons  noted  below,^  and  from  its  resemblance  to  pm.  4 of 
M.  angustidens^  is  provisionally  referred  to  the  present  form.  The  tooth  is  in  germ  ; 
the  crown  not  having  become  attached  to  the  root.  The  sub-quadrate  shape  of  the 
crown  indicates  that  it  should  be  referred  to  the  upper  premolar  series,  of  which  it 
must  be  the  last;  and  the  forward  inclination  of  the  columns  indicates  that  it 

1 Op.  cit.,  pi.  III.,  fig.  5:  the  specimen  is  called  the  last  milk-molar,  hut  is  evidently  m.  1 : many  of  the  earlier  teeth 
figured  hy  Meyer  are  classed  one  place  too  early  in  the  series 

2 Op.  cit.,  pt.  3,  pi.  I.,  fig.  2.  3 Op.  cit.,  pi  XV.,  fig.  4.  4 Supra  , vol.  I , p 220. 

5 Since  describing  the  remains  of  mastodons  in  the  first  volume  the  writer  has  found  out  that  worn  teeth  of  the  premolar 
series  may  generally  he  distinguished  from  those  of  the  milk-molar  series  bj"  the  fact  of  the  hinder  ridge  being  more  worn 
than  the  front  one  ; the  reverse  condition  generally  prevailing  in  the  milk-molars.  Thus  the  specimen  represented  in  pi.  V., 
fig.  6,  from  the  forward  inclination  of  the  ridges  is  referred  to  the  right  side  ; and  consequently  from  the  hind  ridge  being 
the  most  worn,  is  probably  a premolar  : the  squared  form  of  the  crown  .shows  that  it  belongs  to  the  upper  jaw.  The  cause  of 
the  earlier  wear  of  the  hind  ridge  in  the  prcmolars  is  that  this  part  of  the  tooth  comes  in  contact  with  the  already  fully 
protruded  milk,  or  true  molar  immediately  behind  it  in  the  dental  series  of  the  opposing  jaw. 
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belongs  to  the  right  side  of  the  jaw.  The  transverse  valley  is  fairly  open,  but  is 
blocked  for  a sliort  distance  between  the  two  inner  columns  ; the  hindmost  of  which 
(a)  consists  of  three  distinct  tubercles  : there  is  a well-marked  cingulum  surrounding 
the  greater  j)art  of  the  crown,  but  this  does  not  extend  across  tlie  inner  face  of  the 
hindmost  inner  column : a distinct  tubercle  (c)  occurs  behind  the  second  outer 
column.  Tlie  columns  are  relatively  high,  and  the  enamel  is  comparatively  smooth. 
The  form  of  the  crown  is  very  close  to  that  of  a Euroj)ean  specimen  of  pm.  4 of 
M.  angustidens  figured  by  H.  von  Meyer’ ; both  specimens  showing  the  stoppage  of 
the  cingulum  on  the  hinder  inner  column,  and  the  detached  posterior  tubercle  (c). 
The  variations  between  the  two  specimens  are,  indeed,  not  greater  than  those 
between  different  European  specimens  of  pni.  4 of  M.  angustidens^ ; and  from  this 
resemblance,  and  the  circumstance  that  the  enamel  is  smooth,  instead  of  corrugated, 
the  present  specimen  is  provisional!}^  referred  to  the  same  species  as  the  molars 
already  described,  rather  than  to  M.  jgandionis^  to  which  from  its  larger  size  it  might 
at  fii’st  sight  be  referred.  As  M.  falconeri  is  not  known  to  occur  in  Dera  Bugti,  it  is 
improbable  that  the  present  specimen  belongs  to  that  species.®  The  characters 
distinguishing  it  from  tlie  homologous  tooth  provisionally  referred  to  M.  pandionis 
will  be  noticed  under  the  head  of  that  species  : it  presents  no  resemblance  to  pm.  4 
of  the  Siwalik  tetralophodons.'’  The  length  of  tlie  specimen  is  1-96;  its  greatest 
width  P5,  and  the  height  of  the  first  outer  column  1-24  inches:  the  outline  of  the 
crown  of  the  corresponding  detached  tooth  figured  by  H.  von  Meyer  more  nearly 
approaches  a square. 

Third  upper  p)remolar. — The  small  germ  of  a right  third  upper  premolar 
represented  in  figs.  4,  4a  of  pi.  V.,  agrees  well  in  relative  size  with  the  last  specimen, 
and  may,  therefore,  not  imjDrobably  be  referred  to  the  same  species.  This  reference 
is  confirmed  by  the  almost  complete  similarity  of  the  tooth  to  European  specimens 
of  pm.  3 of  M.  angustidens^ ; the  difference  between  the  Indian  tooth  and  one  of  the 
European  specimens  figured  by  II.  von  Meyer,  being  not  greater  than  those  between 
the  two  European  specimens  figured  by  the  same  writer.  The  Indian  and  European 
teeth  agree  precisely  in  size. 

Last  lower  premolar. — The  difficulty  experienced  in  referring  the  last  upper 
premolars  to  their  respective  species  is  so  enhanced  in  the  case  of  the  corresponding 
lower  teeth,  that  it  has  been  found  impossible  to  arrive  at  any  satisfactory  conclusion. 
In  the  first  volume  of  this  Avork®  two  small  teeth  from  Sind  were  provisionally 
regarded  as  being  the  last  lower  premolars  of  M.  pandionis ; AAdiile  a similar  tooth, 
said  to  have  been  obtained  from  the  Deccan,^  Avas  also  mentioned ; and  the  three 

1 Op.  cit.,  pi.  III.,  fig.  12. 

2 Ibid,  fig.  1 : for  the  serial  homology  of  the  teeth  of  that  specimen,  see  vol.  L,  p.  200. 

3 For  the  earlier  teeth  of  this  species  see  below".  4 Vide  supra,  vol.  I , pi.  XXXVII , fig.  6,  and  XL. 

5 Von  Meyer,  op.  cit , pi.  III.,  figs.  1,  8,  9,  10.  6 PI.  XXXV.,  fig.  2 ; p.  221. 

7 This  tooth  is  now  in  the  British  Museum  (No.  40,787):  some  remarks  on  its  probable  place  of  origin  will  be  made 
under  the  head  of  the  next  species. 
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were  sliown  to  be  practically  indistinguisliable  from  pm.  4 of  M.  angustidens.  The 
more  worn  condition  of  the  second  ridge  in  some  of  these  teeth  seems  to  indicate 
that  the  serial  determination  is  in  those  cases  correct : but  it  is  quite  possible  that 
other  similar  teeth  may  be  milk-molars.  Among  the  specimens  obtained  by  Mr. 
Blanford  from  Dera  Bugti  are  two  very  similar  teeth  of  the  left  side  ; one  of  which 
is  well  worn,  and  is  represented  in  pi.  IV.,  fig.  6 ; while  the  other  is  almost  unworn, 
and  is  represented  in  figure  4 of  the  same  plate.  The  unworn  specimen  shows  the 
two  accessory  cusj)s  (a,  h)  in  the  transverse  valley;  which  form  a worn  disc  in  the 
other  specimen.  In  the  latter  the  plane  of  wear  of  the  last  ridge  is  horizontal ; 
while  in  the  specimen  figured  in  the  first  volume,  and  in  the  one  in  the  British 
Museum,  this  plane  inclines  towards  the  anterior  ridge  : a similar  inclination  existing 
in  the  specimen  figured  in  pi.  V.,  fig.  4.  It  is  just  possible  that  this  variation  may 
indicate  specific  or  serial  differences.  The  transverse  valley  in  the  unworn  specimen 
appears  rather  narrower  than  in  the  others  ; but  none  of  the  five  teeth  present  any 
characters  by  which  they  can  be  referred  to  the  present,  rather  than  to  the  next 
species,  or  vice  versa.  There  is  a certain  amount  of  probability  that  some  of  these 
or  nearly  similar  teeth  may  belong  to  M.  falconeri ; in  which  case  they  may  be  milk- 
molars.  The  dimensions  of  the  two  specimens  represented  in  plate  IV.  are  as 
follows,  viz. : — 

A 430.  A 431. 

Extreme  length . 1’6  1’6 

,,  -width i-34  r35 

Height  of  inner  column  of  first  ridge  .....  1‘09 

Mandible. — Among  Mr.  Blanford’s  Dera  Bugti  specimens  there  is  a fragment  of 
the  right  ramus  of  the  mandible  of  a mastodon,^  containing  m.  2 and  m.  3,  with  their 
crowns  hammered  off.  The  base  of  the  crown  of  the  latter  tooth  precisely  resembles 
the  last  lower  molar  represented  in  plate  IV.,  fig.  3,  so  that  there  is  no  doubt  that 
the  two  should  be  referred  to  the  same  species.  The  length  of  the  tooth  in  this  jaw 
must,  however,  have  been  slightly  greater  than  that  of  the  detached  specimen.  The 
fangs  of  mTV  indicate  a tooth  similar  to  the  specimen  represented  in  pi.  IV.,  fig.  7, 
but  of  rather  larger  size.  Below  the  roots  of  the  molars  there  is  a long  cavity, 
filled  with  matrix,  indicating  the  presence  of  large  incisors. 

From  its  imperfect  condition  the  mandible,  which  is  broken  off  a short  distance 
in  front  of  m.  2,  has  not  been  figured,  but  it  is  of  considerable  importance  in 
completing  the  evidence  connecting  the  specimens  already  described  with  M. 
angustidens.  As  far  as  its  imperfect  condition  admits  of  comparison,  the  Biigti 
mandible  agrees  precisely  with  a specimen  of  the  mandible  of  the  latter  species 
figured  by  Kaup,^  and  was  evidently  furnished  with  a similarly  produced  symphysis  : 
its  characteristic  points  are  the  straightness  of  the  inferior  border,  the  increase 
of  vertical  depth  at  m.  2 as  compared  with  m.  8,  and  the  great  lateral  compression. 
The  vertical  depth  at  m.  3 is  5'85,  and  at  mi  2 6'65  inches:  the  transverse  diameter 
is  4T  inches. 


1 Ind.  Mus.,  Ho.  A.  435. 


a Kaup,  “ Beitrage,”  pt.  3,  pi  I.,  fig.  1. 
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The  Biigti  jaw  is  distinguislied  from  the  mandible  of  M.  pandionis'^  by  its 
inferior  size,  and  by  the  Outer  surface  being  convex,  in  place  of  concave^ : as  the 
synpDhysis  of  the  former  is  wanting,  it  is  not  possible  to  make  comparisons  between 
that  part ; but  it  is  probable  that  the  Biigti  jaw  closely  resembled  in  this  respect 
European  specimens  of  31.  angustidens.  The  mandible  of  31.  falconeri^  presents  no 
resemblance  to  the  Biigti  specimen. 

Summary. — As  the  result  of  the  foregoing  comparisons  it  appears  that  the  present 
species  of  mastodon  is  specifically  distinct  from  both  the  other  Siwalik  trilophodons ; 
but  that  it  agrees  so  closely  with  the  European  31.  angustidens  that  there  seems  no 
alternative  but  to  refer  it  to  the  same  species.  Since,  however,  there  appears  a 
tendency  in  the  Indian  form  to  a slightly  more  complex  structure  of  the  molars,  and 
to  a greater  curvature  of  the  borders  of  the  crovm  of  m.  ti,  it  may  be  advisable  to 
mark  this  local  variation  by  distinguishing  the  Indian  race  under  the  name  of  31. 
angustidens,  var.  2^alwindicus.'*^  It  is  noteworthy  that  in  both  the  above-mentioned 
respects  the  Indian  race  makes  a step  in  the  direction  of  31.  pandionis. 

Distribution  of  31.  angustidens. — Tlie  species  has  a.  wide  geographical  distribution 
in  Europe ; thus  it  has  been  found  in  Gers  (Simorre  and  Sansaii),  in  the  south  of 
France;  in  Switzerland  ; in  Bavaria  (Munich);  in  Styria  (Eibiswald) ; in  Bohemia 
(Franzensbad) ; and  in  Austria-Hungary,  Avhere  it  has  been  recorded  from 
Buda-Pest,  from  near  Staatz,  and  elsewhere.'’’  The  specimens  from  Buda-Pest 
were  obtained  from  the  Sarniatian  stau-e ; those  from  Gers  and  Stvria  coiniim  from 
the  so-called  mid-iniocene.  In  India  the  species  has  been  obtained  solely  on  the 
extreme  western  side  of  the  continent,  where  no  other  Siwalik  mastodons,  with  the 
exception  of  31.  pandionis,  are  yet  known  to  occur.  This  probably  indicates  that  the 
species  ranged  over  the  whole  of  the  countries  between  Europe  and  the  western  side 
of  northern  India,  but  did  not  extend  far  into  that  continent.  Remains  of  a 
mastodon  have  been  recorded  from  Persia,®  and  it  is  not  impossible  that  these  may 
eventually  turn  out  to  belong  to  the  present  species. 

From  the  later  tertiaries  of  N.  America  a species  of  trilophodont  mastodon  has 
been  described  under  the  name  of  3£.  obscurus,'’  Avhich  is  considered  both  by  its  original 
describer,  and  by  Herr  Yacek,®  as  closely  allied  to  31.  angustidens  : of  which  it  is 
possible  that  it  may  be  merely  a local  race.  There  appears  to  be  some  doubt 
whether  the  American  species  is  of  miocene,  or  pliocene  age,  but  it  is  not 
improbably  the  latter.®  It  is  noteworthy  that  the  last  lower  molar  of  this  form  has 

1 Supra.,  vol,  I.,  pp.  216-7. 

2 The  writer  has  not  had  the  opportunity  of  putting  the  two  specimens  in  juxta-position : if  this  were  done  it  is  probable 
that  other  differences  would  be  detected. 

3 Sttpra  , vol.  I.,  pp.  207-8,  pi.  XXXIII.,  fig.  1. 

4 The  term  indiem  would  have  been  preferable,  but  as  the  writer  is  persuaded  that  the  elephants  and  mastodons  will 
eventually  have  to  be  united  in  one  genus,  it  might  lead  to  confusion. 

5 This  distribution  has  been  mainly  taken  from  Herr  Vacek’s  memoir,  already  cited.  6 Introduction  to  vol.  II. 

7 Leidy,  “ Extinct  Vertebrate  Fauna  of  the  Western  Territories,’'  pis  XXI  -XXII,  8 Op.  cit.,  p 24. 

0 Herr  Vacck  alludes  to  it  as  undoubtcdl}"  of  pliocene  age  : in  the  first  volume  of  the  present  work  it  is  doubtfully  referred 
to  the  miocene. 
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the  accessory  columns  relatively  small,  and  the  lateral  borders  nearly  straight ; 
indicating  that  while  farthest  removed  in  space,  it  is  likewise  farthest  removed  in 
structure  from  the  Indian  race. 

The  circumstance  that  the  Indian  race  apparently  marks  the  extreme  eastern 
range  of  the  species,  and  the  occurrence  of  an  allied  form  in  America,  seem  to  lead 
to  the  conclusion  that  the  original  home  of  the  group  was  in  Europe  or  Western 
Asia  ; from  whence  it  migrated  east  and  west. 

Species  2 : Mastodon  (Teilophodon)  pandionis,  Falconer. 

Introductory — In  the  first  volume  of  this  work^  a considerable  series  of  the  teeth 
and  jaws  of  the  present  species  are  described  and  figured.  Many  of  these 
specimens  were  obtained  from  the  Siwaliks  of  the  Punjab,  and  others  from  Sind ; 
but  all  the  tj^pe  specimens  were  said  to  have  been  obtained  from  the  Deccan,  by 
Col.  Sykes.  An  examination  of  these  specimens,  which  are  now  in  the  British 
Museum,^  has,  however,  shown  that  in  mineralogical  condition  they  correspond 
precisely  with  the  Siwalik  fossils  of  Sind ; exhibiting  the  characteristic  gray 
weathered  surface  of  the  enamel.  Among  Col.  Sykes’  specimens  having  the  same 
reputed  origin  there  is  the  small  tooth^  represented  in  woodcut  fig.  6,  provisionally 
referred  to  M.  falconeri,  which  precisely  agrees  with  another  specimen  presented  by 
Col.  Sykes  to  the  British  Museum  (No.  32,503),  and  obtained  from  Sind.  The  only 
region  in  the  Deccan  where  mammalian  remains  have  been  obtained,  is  the  valley  of 
the  Krishna,  and  it  has  been  suggested^  that  Col.  Sykes’  specimens  were  obtained 
from  the  upper  part  of  that  valley.  The  Krishna  valley  fossils  are,  however,  in  an 
extremely  fragile  and  unmineralized  condition ; whereas  Col.  Sykes’  specimens  are 
very  hard  and  stony.  There  are  the  additional  circumstances  that  the  Krishna 
deposits  are  of  pleistocene  age,  while  in  Sind  the  remains  of  M.  'pandionis  occur  in 
the  lower  Siwaliks  ; and  that  no  strata  equivalent  to  the  Siwaliks  are  known  in 
southern  India.  For  these  reasons,  and  especially  since  it  is  certain  that  one 
mastodon  molar,  precisely  similar  to  one  of  the  reputed  Deccan  specimens,  was 
obtained  by  Col.  Sykes  from  Sind,  it  appears  to  the  present  writer  to  be  highly 
probable  that  the  whole  of  his  specimens  were  obtained  from  the  latter  region.® 

First  wpper  true  molar, — The  specimen  represented  in  pi.  V.,  fig.  5,  is  the  one 
alluded  to  in  the  first  volume  (p.  214)  as  being  a first  upper  molar  of  which  the 
locality  is  unknown.  At  that  time  it  was  thought  to  be  distinct  from  the  specimen 
described  in  the  note  by  Dr.  Falconer  quoted  on  pp.  213,  214  of  the  same  volume  as 

1 Pp.  213,  292  : pis.  XXXIV. -XXXVI. 

2 One  of  these  specimens  is  represented  in  plate  V. , fig.  5.  All  the  specimens  are  stated  in  the  “ Palaeontological  Memoirs ’ ’ 
to  have  been  presented  to  the  India  House  hy  Col.  Sykes  ; the  figured  specimen  was,  however,  found  in  Falconer’s  private 
collection. 

3 B.  M.,  No.  40,788.  “ Manual,”  pt.  I.,  p.  390. 

5 It  is  just  possible  that  the  confusion  may  have  arisen  in  the  following  manner: — It  was  known  that  Col.  Sykes 
obtained  a large  collection  of  mesozoic  fossils  from  the  Deccan,  and  if  the  mastodon  remains  were  not  fully  labelled,  nothing 
is  more  likely  than  that  they  should  have  been  assigned  to  the  same  locality. 
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the  penultimate  upper  molar,  but  a subsequent  comparison  with  that  description  lias 
shown  that  it  is  really  the  same.^  A comparison  with  the  figure  of  m.  2 given  in 
plate  XXXVA.  of  the  first  volume,  will  show  that  it  is  really  the  first  upper  true 
molar  of  the  left  side.  Nothing  need  be  added  to  Falconer’s  description,  excej^t  that 
traces  of  cement  are  to  be  seen  in  the  transverse  valleys ; and  that  the  columns  are 
relatively  higlier  than  in  M.  angustidens,  and  the  enamel  is  thrown  into  vertical 
corrugations.  ■ The  length  of  the  specimen  is  4,  and  its  extreme  width  2'5  inches. 

In  pi.  XXXII.,  fig.  4,  of  the  first  volume  of  this  work  a much-Avorn  upper  true 
molar  of  a trilophodont  mastodon  from  the  Punjab,  is  figured  as  m.  1 of  M.  falconer 
although  it  was  noticed^  that  it  differed  from  the  other  true  molars  of  that  species  in 
having  irregular,  instead  of  trefoil-shaped,  dentine  islets.  It  now  appears  from  a 
comparison  with  the  figure  of  m.  2 of  it/,  pandionis  given  in  plate  XXXVA.^  of  the 
same  volume,  as  Avell  as  from  the  crenulated  edges  of  the  enamel,  the  obliquity  of 
the  valleys,  and  the  forward  inclination  of  the  ridges  in  the  much-worn  molar,  that 
the  latter  should  likewise  be  referred  to  M.  pandionis  ; of  Avhich  it  is  ui.  1.  It  differs 
widely  from  the  specimen  noAV  regarded  as  ni.  1 of  J\I . falconerd  ; in  which  species  the 
enamel  of  the  true  molars  is  smooth,®  the  columns  of  the  ridges  nearly  upright,  and 
the  valleys  run  straight  across  the  crown. 

First  loioer  true  molar. — The  specimen  rejDresented  in  plate  V.,  figs.  1,  la,  was 
obtained  by  Mr.  Blanford  from  Dera  Biigti ; and  from  its  narrow  shape  and  the 
three  ridges  borne  on  the  crown  is  evidently  the  lower  molar  of  a trilophodon, 
belonging  to  the  left  side  of  the  jaAV.  The  croAvn  is  still  in  germ,  being  untouched 
by  wear  ; and  has  lost  a small  ^^ortion  of  its  joostero-external  angle.  The  columns 
of  the  ridges  and  talons  are  taller  than  in  the  first  and  second  lower  molars  of 
M.  angusiidens  (pi.  IV.,  figs.  7,  8:  pi.  V.,  figs.  3,  7);  and  the  transverse  valleys  are 
narrower  and  more  blocked.  The  accessory  columns  are,  moreover,  much  more 
numerous  ; and  consist  of  a confused  agglomeration  in  each  transverse  valley,  instead 
of  a pair  only : there  is  also  an  extra  one  of  these  columns  Avedged  in  between  the 
hind  talon  (ta)  and  the  outer  column  of  the  last  ridge.  The  enamel,  instead  of 
being  smooth  as  in  M.  angusiidens,  is  thrown  into  vertical  corrugations  ; Avhich  in  a 
Avorn  condition  Avould  give  a crenulated  appearance  to  the  rings  of  enamel  surround- 
ing the  dentine  islets.  From  the  appearance  of  the  enamel  in  the  valleys  it  seems 
probable  that  cement  Avas  originally  present  in  considerable  quantities.  The  length 
of  this  specimen  is  4T,  the  extreme  Avidth  2-25,  and  the  height  of  the  inner  column 
2'0  inches. 


1 The  identification  was  not  easy  to  make  without  a comparison  of  the  actual  specimen  with  Falconer’s  description. 

2 Supra,  vol.  T.,  p.  208,  note. 

3 This  specimen  was  obtained  after  the  smaller  tooth  had  been  described  and  figured : and  exhibits  more  clearly  than 
previous  specimens  the  corrugated  enamel  as  a well-marked  specific  character.  In  describing  it  at  the  end  of  the  first  volume 
the  writer  was  on  the  point  of  departure  for  the  field,  and  had  not  time  to  make  a full  comparison  with  other  specimens ; 
which  would  have  shown  that  the  smaller  tooth  belonged  to  the  same  species. 

4 Vol.  I.,  pi.  XXXIII.,  fig,  3. 

5 The  milk-molars  with  rough  enamel  figured  in  vol.  I.,  pi.  XXXII.,  and  referred  to  If. /afcojim  will  be  aUuded  to 
under  the  head  of  that  species. 
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Fig.  5.  (?)  Mastedon  patidionis, 

Falc.  Last  right  upper  premolar, 
from  DeraBugti:  Indian  Museum 


In  all  the  above-mentioned  characters  this  specimen  agrees  with  the  teeth  of 
M.  pancUoiiis ; and  as  it  has  precisely  the  same  dimensions  as  the  right  m.  i of  that 
species  represented  in  plate  XXXV.,  fig.  1,  of  the  first  volume,  it  may  safely  be 
regarded  as  the  homologous  tooth  of  the  opposite  side.^ 

Tipper  premolar. — The  tooth  represented  in  figs.  6,  6aof  plate  V.,  and  the  one  in  the 

woodcut  (fig.  5),  are  two  of  three  similar  specimens  from  Dera 
Biigti.  The  former  has  lost  the  greater  part  of  the  cingulum, 
and  the  inner  face  of  the  first  inner  column,  and  is  less  worn 
than  the  latter  specimen.  The  sub-quadrate  form  of  the 
crown  shows  that  the  specimens  belong  to  the  upper  jaw; 
while  tlie  forward  inclination  of  the  larger  columns  (fig.  6a) 
indicates  that  they  are  from  the  right  side.  The  absence  of 
a disc  of  pressure  on  the  anterior  side,  the  rounded  angles  of 
the  crown,  and  the  more  worn  condition  of  the  hinder  as 
compared  with  the  front  columns,  indicates  that  the  teeth 
(No.  A.  432).  1.  belong  to  the  premolar  series,  of  which  they  are  the  last. 

From  the  strongly-marked  vertical  corrugations  in  the  enamel,  the  forward  inclination 
of  the  columns,  and  the  obstructed  transverse  valleys,  it  is  inferred  that  these 
specimens  probably  belong  to  the  present  species.  Their  distinction  from  the 
corresponding  tooth  referred  to  M.  angustidens  (pi.  V.,  figs.  2,  2a)  will  be  sufficiently 
apparent  from  a comparison  of  the  figures ; and  from  their  complex  crowns,  as  well 
as  from  the  absence  of  M.  falconcri  from  Dera  Biigti,  it  is  imjirobable  that  they 
belong  to  that  species.  The  present  teeth  are  of  relatively  smaller  size  when 
compared  with  the  true  molars  of  If.  pandionis^  than  is  the  case  with  the  corresjiond- 
ing  teeth  of  ilf.  angustidens. 

Affinities. — The  affinities  of  the  present  species  have  been  already  alluded  to  in 
the  first  volume,^  but  a few  remarks  may  be  added.  That  the  species  is  allied  to 
M.  angustidens  is  pretty  evident  from  the  general  form  of  the  mandible,  and  the 
structure  of  the  molars.  The  greater  complexity  of  the  latter,  and  the  addition  of 
cement,  indicates,  however,  that  the  present  species  is  a more  specialized  form,  and 
may  possibly  have  sprung  from  the  progenitors  of  the  Indian  race  of  M.  angustidens.^ 
which  has  been  shown  to  diverge  somewhat  from  the  typical  race  in  the  direction  of 
the  present  species.  The  absence  of  M.  pandionis  from  the  Eastern  Siwaliks  indicates 
the  probability  of  its  being  an  immigrant  into  India  from  the  west ; which  confirms 
its  relationship  to  M.  angustidens.  From  the  coexistence  of  the  two  forms  in  the 
lower  Siwaliks  of  Dera  Bugti  their  genetic  connection  probably  took  place  in  the 
regions  to  the  westward  of  India.  i¥.  pandionis  appears  to  have  survived  longer,  and 
penetrated  further  into  India  than  AI.  angustidens,  since  its  remains  occur  abundantly 
in  the  upper  Siwaliks  of  the  Punjab  to  the  westward  of  the  river  Jhelam. 

The  circumstance  that  the  last  molars  of  the  upper  Siwalik  M.  sivalensis  have  a 

1 The  specimen  figured  in  the  first  volume  is  narrower  posteriorly,  hut  this  is  probably  due  to  its  imperfect  protrusion. 

2 P.  225,  et.  seq. 
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great  resemblance  to  those  of  the  lower  Siwalik  M.  iiandionh^^  coupled  with  the  fact 
of  the  former  having  a short,  and  the  latter  a long  mandibular  symphysis,^  might 
lead  to  the  inference  that  the  one  is  the  more  specialized  descendant  of  the  other ; 
but  the  absence  of  cement  in  M.  sivalensis  seems  to  forbid  this  view.  From  the 
extreme  complexity  of  the  structure  of  its  molars,  Mastodon  pandionis  can  have  no 
direct  ancestral  connection  with  the  true  elephants. 

Species  3 : Mastodon  (Teilophodon)  falconert,  nobis. 

Upper  milk-molars. — In  figs.  2,  3 of  plate  XXXII.  of  the  first  volume  an 
associated  penultimate  and  last  upper  milk-molar  of  a trilophodont  mastodon  were 
referred  to  M.  falconeri : the  specimens  belonged  to  a young  cranium,  associated 
with  a part  of  the  mandible  containing  mm.  3.®  It  was  not  noticed  that  these  teeth 
differed  from  the  true  molars  of  that  species  by  the  enamel  being  thrown  into 
vertical  corrugations.^ 

In  the  accompanying  woodcut  (fig.  6)  there  is  represented  a right  upper  tooth 

of  a trilophodont  mastodon,  said  to  have  been 
obtained  by  Col.  Sykes  from  the  Deccan,  but 
which  is  more  probably  from  Sind” ; there  being  a 
precisely  similar  specimen  from  tlrat  district  pre- 
sented by  Col.  Sykes  to  the  British  Museum  (No. 
32,503.)  The  figured  specimen  carries  two  trans- 
verse ridges,  both  of  which  are  nearly  equally 
worn : the  columns  of  the  ridges  are  nearly 
vertical ; and  there  are  accessory  columns  on  either 
side  of  the  inner  main  columns,  causing  the  worn 
dentine  surfaces  of  the  latter  to  assume  a trefoil 
shaj)e.  The  enamel  is  smooth,  and  the  transverse  valleys  are  fairly  open.  From 
the  columns  of  the  first  ridge  being  more  worn  than  those  of  the  second,  and  the 
elongated  and  angular  shape  of  the  crown,  the  tooth  under  consideration  is  inferred 
to  be  uim.  3,  rather  than  pm.  4.  It  is  unlike  mm.  3 of  M.  angustidens,^  and  is  of  too  large 
a size  to  have  belonged  to  the  Indian  race  of  that  species.  It  differs  from  the  teeth  of 
M.  pandionis  in  its  smooth  enamel,  low  vertical  ridges,  Avide  transverse  valley,  and 
trefoil-shaped  dentine  islets.  A tooth  of  quite  a different  type,  represented  in  vol.  I., 
pi.  XXXV.,  fig.  3,  is,  from  the  presence  of  cement  in  its  valleys,  considered  with 
great  probability  to  be  the  homologous  milk-molar  of  the  last-named  species. 

With  the  true  molars  of  M.  falconeri''  the  present  tooth  agrees  in  all  respects, 
and  there  is  accordingly  a great  probability  of  its  belonging  to  that  species.  If  this 

1 Vide  supra,  vol.  1.,  p.  226. 

2 From  the  occurrence  of  a short  symphysis  in  all  the  true  elephants,  and  stegodons,  and  in  the  pleistocene  mastodons,  it 
may  he  taken  as  certain  that  this  form  of  jaw  is  the  most  specialized. 

3 Supra.,  vol.  I.,  pi.  XXXIII.,  fig.  2. 

4 The  specimen  represented  in  vol.  I.,  pi.  XXXII.,  fig.  4,  being  referred  to  M.  falconeri  (instead  of  M.  pandionis)  rendered 
this  character  inconstant. 

5 Vide  supra.,  p.  29. 

^ Supra.,  vol.  I.,  pi.  XXXIII.,  fig,  4. 


Fig.  6.  (?)  2Iastodon  falconeri,  nobis. 

Third  right  upper  milk -molar  (?)  : 
British  Museum  (No.  40,788).  -j-. 


6 Gaudry  “ Enchainements  - Mam.  Tert.,”  fig.  239  (2m.). 
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be  so,  the  milk-molars  mentioned  above,  and  figured  in  plate  XXXII.  of  the  first 
volume,  cannot  belong  to  that  species.  Those  teeth  do  not,  moreover,  belong  to  M. 
angiistidens ; and,  for  the  reason  mentioned  above,  it  is  improbable  that  thej  belong 
to  M.  pandionis.  This  is  confirmed  by  the  valleys  of  mm.  4 (vol.  I.,  pi.  XXXII.,  fig. 
3)  having  no  cement,  being  straight  and  very  open,  and  the  ridges  low  and  nearly 
vertical.  The  cranium  in  which  these  milk-molars,  together  with  m.  1,  are  contained, 
shows,  moreover,  no  signs  of  the  presence  of  premolars,^  which  there  is  every 
reason  to  believe  were  developed  in  M.  pandionis,  as  in  M.  angiistidens.  On  this  view 
it  seems  highly  probable  that  the  milk-molars  referred  in  the  first  volume  to  M. 
falconeri,  really  belong  to  a fourth  Siwalik  species  of  trilophodont  mastodon.^ 

The  only  other  interpretation  of  the  serial  homology  of  the  tooth  represented 
in  woodcut  fig.  6,  would  be  to  consider  it  as  pm.  4.  In  that  case  it  could  not  belong 
to  either  M.  angiistidens  or  M.  pandionis,  of  which  the  corresponding  teeth  are  known 
(pi.  V.):  and  if  it  belonged  to  M.  faleoneri,  then  the  milk-molars  referred  to  that 
species  in  the  first  volume  Avould  have  been  succeeded  by  premolars,  which  was 
apparently  not  the  case.  It  is,  moreover,  improbable,  even  if  they  were  so  succeeded, 
that  they  should  be  replaced  by  a tooth  furnished  with  an  entirely  different  kind  of 
enamel : and  on  this  view  it  thus  seems  probable  that  the  above-mentioned  milk- 
molars  belong  to  a new  species. 

From  the  resemblance  of  the  tooth  represented  in  woodcut  fig.  6 to  the  lower 
teeth  of  the  type  of  those  represented  in  plate  V.,  figs.  4 and  6,  it  is  not  impossible 
that  some  of  those  in  which  the  first  ridge  is  the  most  worn  may  be  the  homologous 
lower  milk-molars  of  M.  falconeri. 

Number  of  teeth  known. — As  the  serial  position  of  one  of  the  teeth  of  this  species 
figured  in  the  first  volume  has  been  changed ; and  as  other  teeth  there  referred  to 
the  same  species  have  been  shown  to  be  either  probably  or  certainly  specifically 
distinct,  it  may  be  well  to  give  a revised  list  of  the  known  teeth  ; viz. : — 

(?)  Mm.  3— Woodcut  fig.  6,  p.  32.  MNi—Ibid,  pi.  XXXII.,  fig.  1. 

^ —Vol.  I.,  pi.  XXXIII.,  fig.  3.  Wf^—Ibid,  pi.  XXXIII.,  fig.  4. 

It  may  be  observed  that  some  confusion  has  arisen  on  pp.  209-10  of  vol.  I.  in 
comparing  the  teeth  of  the  present  species  with  those  of  M.  angiistidens  figured  in 
pi.  XL.  of  the  “ F.A.S.,”  owing  to  the  circumstance  that  the  latter  are  figured  and 
described  as  upper  teeth,  when  it  appears  that  they  belong  to  the  lower  jaw.  The 
molars,  as  now  restricted,  of  the  present  species  appear  to  be  very  similar  to  those 
of  M.  angustidens  ; the  main  distinction  between  the  two  species  being  the  difference 
in  the  form  of  the  mandible,  the  superior  size  of  31.  falconeri,  and  the  larger  and 
taller  talons  of  its  lower  molars.  The  Indian  teeth  of  M.  angiistidens  show  that  no 
distinction  can  be  drawn  as  to  the  relative  height  of  the  crowns  of  the  molars  of  the 
two  species. 

1 Ihid,  p.  208. 

2 The  taJons  of  the  tooth  represented  in  toI.  I.,  pi.  XXXII.,  fig.  3,  are  smaller  than  those  of  the  tooth  now  regarded  as 
of  M.  falconeri  {Ibid,  pi.  XXXIII.,  fig.  3). 
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Distribution. — Unless  the  specimen  represented  in  woodcut  fig.  G really  came 
from  the  Deccan,  the  present  species  is  confined  to  the  Siwaliks  of  the  western 
Punjab  and  the  lower  Siwaliks  of  Sind. 

Family  : DINOTHEBIIDJE. 

Genus:  DINOTHERIUM,  Kaup. 

Alleged  identity  of  Indian  and  European  forms. — In  a recently  published  memoiP 
Dr.  0.  Weinsheimer  has  come  to  the  conclusion  not  only  that  all  the  European 
remains  of  Dinotheriuni  should  be  referred  to  D.  giyanteum,  but  that  the  Indian  forms* 
described  under  the  names  of  D.  indicimi,  D.  pe?itapotamice,  and  D.  sindiense  should 
likewise  be  regarded  as  belonging  to  the  same  species.  Dr.  Weinsheimer  lias  had 
the  advantage  of  a far  larger  series  of  specimens  of  the  European  form  than  were 
accessible  to  the  present  writer,^  and  has  shown  pretty  conclusively  that  the  variation 
in  size  of  the  European  form  is  so  great  as  to  include  within  its  limits  the  two  forms 
referred  to  D.  indicum  and  D.  pentapotamice.  Measurements  are  also  given  showing 
that  the  peculiar  dimensions  of  the  jaws  of  D.  sindiense  are  paralleled  by  European 
specimens,  and  indicating  that  the  present  writer’s  suggestion  that  this  form  was 
unprovided  with  mandibular  incisors  is  not  improbably  incorrect. 

In  India  the  mandibles  of  the  forms  known  as  D.  sindiense  and  D.  pentapotamice 
are  so  perfectl}^-  distinct  from  one  anotheP  (no  specimens  exhibiting  any  signs  of  a 
transition  from  the  one  to  the  other)  that  even  if  (as  is  highly  probable)  they  both 
sprang  from  the  same  European  stock,  they  may  be  regarded  at  the  least  as  very 
well-marked  local  races ; and  the  same  may  be  said  in  a less  marked  degree  of  D. 
indicum  and  D.  pentapotamice.  The  present  writer  has  not  seen  any  last  lower  molar 
of  D.  giganteum  presenting  such  a relatively  large  talon  as  the  tooth  of  D.  pentapotamice^ 
figured  in  vol.  I.,  pi.  IX.,  fig.  5. 

Although  in  view  of  the  occurrence  of  M.  angustidens  on  the  western  side  of 
India  it  is  by  no  means  improbable  that  some  of  the  Indian  dinotheres  (which  are  in 
the  main  found  on  the  western  side  of  that  country)  should  be  identical  with  a 
Em'oiDean  form,  yet  in  view  of  the  great  number  of  species  of  other  Proboscidian 
genera  in  which  the  molars  afford  ample  distinctive  characters,  it  seems  difficult  to 
believe  that  Dinotherium.^  in  which  alone  the  simple  structure  of  the  molars  does  not 
admit  of  such  distinctive  characters,  sliould  be  represented  only  by  a single  species 
ranging  over  the  greater  part  of  the  Old  World.  On  these  grounds  the  writer  is 
disinclined  to  admit  at  present  the  specific  identity  of  the  whole  of  the  Indian 
dinotheres,  which  present  a very  remarkable  amount  of  variation  in  size  and  the 
form  of  the  mandible,  with  D.  giganteum. 

1 “Ueber  Binotherium  giganteum,  Kaup,”  in  Dames  and  Kayser’s  ‘ Palseontologische  Abhandlungcn,’  vol.  I.,  pt.  3 
(Berlin,  1883). 

2 Supra,  vol.  I.,  pp.  72-5,  183-97,  292,  pis.  IX.,  XXIX. -XXXI.;  and  vol.  II.,  pp.  63-4. 

3 Many  works  cited  by  Dr.  Weinsbeimcr  were  inaccessible  to  the  present  writer. 

4 The  figures  do  not  exhibit  these  distinctions  at  all  clearly.  5 Described  at  first  as  m.  1 . 


INDIAN  TERTIAET  & POST-TERTIARY  VERTEBRATA. 


SIWALIK  AND  NARBADA  BUNODONT  SUINA. 

By  R.  LYDEKKER,  B.A.,  F.G.S.,  F.Z.S. 

(AVITH  PLATES  VI.  to  XII.) 


INTRODUCTORY. 

In  the  fifth  part  of  the  preceding  volume  of  the  present  work  the  remains  of  a 
large  number  of  animals  whose  nearest  existing  allies  are  to  he  found  in  the  pigs 
and  hippopotami  were  described,  and  referred  to  a group  termed  the  Suina 
Selenodontia.  It  was  then  shown  that  this  group  connects  the  living,  or  bunodont, 
Suina  with  the  modern  Ruminants ; and  that  such  a complete  transition  is  thus 
effected  between  the  three  groups  that  it  is  impossible  to  draw  any  real  distinction 
between  them ; although  their  retention  for  the  purposes  of  classification  is 
convenient.  It  is  the  group  of  Suina  Bunodontia  which  forms  the  subject  of  the 
present  memoir. 

The  fossil  Indian  representatives  of  this  group  may  be  referred  to  the  four 
following  families ; viz.,  Rippopotamidce,  Suidce,  Entelodontidce,  and  Listriodontidce ; 
which  will  be  treated  of  in  this  order.  A large  series  of  the  remains  of  the  two 
first  families  are  figured  in  the  “ Fauna  Anti  qua  Sivalensis  although  in  most  cases 
they  have  never  been  described.  These  figures,  although  generally  of  a smaller  size 
than  is  altogether  desirable,  are  so  good  in  execution  as  to  render  their  reproduction 
in  the  present  volume  unnecessary. 

The  comparatively  simple  structure  of  the  molars  of  nearly  all  the  members  of 
the  group  indicates  that  these  animals  are  more  nearly  related  to  the  primitive 
ungulates  than  any  other  living  artiodactyle  group.  The  structure  of  their  feet,  and 
especially  the  form  of  the  astragalus,  indicates,  however,  that  at  all  events  the 
modern  representatives  of  the  group  are  very  far  removed  from  the  primitive  stock : 
and  it  is  noteworthy  that  the  hippopotamus,  in  which  the  dentition  Is  more  specialized 
than  in  the  pig,  has  retained  more  of  the  primal  foot-structure  than  the  latter.  The 
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clieek-teeth  of  tlie  pigs  are  remarkable  for  the  circumstance  that  the  first  true  molar 
becomes  worn  to  a smooth  surface  of  dentine  before  the  last  molar  comes  into  use ; 
and  this  remarkable  inequality  in  wear,  together  with  the  elongation  of  the  latter 
tooth,  which  is  very  markedly  developed  in  some  forms,  shows  how  easily  a transition 
might  have  taken  place  from  the  teeth  of  a pig-like  animal  to  those  of  a trilophodont 
mastodon : and  from  this,  and  other  circumstances,  the  writer  is  strongly  inclined  to 
believe  that  the  pigs  and  ])roboscidians  were  connected  at  no  very  distant  (geological) 
date. 

A noteworthy  circumstance  is  the  disappearance  at  the  present  day  of  all  the 
selenodont  Suina ; this  being  accompanied  by  the  disappearance  of  a Siwalik  pig 
[Hippohyus),  in  which  the  dentition  is  of  a more  complex  type  than  in  any  of  its 
kindred.  This  disappearance  may  perhaps  be  explained  by  the  probability 
that  the  more  specialized  selenodont  Suina  entered  into  competition  with  the 
still  more  sjDecialized  ruminants,  to  which  they  had  probably  given  origin,  but  were 
unable  to  stand  against  the  advantages  gained  by  the  higher  organization  of  that 
group  ; while  the  less  specialized  group  of  Suina  confined  themselves  more  or  less 
exclusively  to  swamps,  and,  therefore,  did  not  enter  into  competition  with  the 
ruminants,  and  thus  survived. 

/ 

Order  : UNGULATA.  Sub-Order  : ARTIODACTYLA. 

Section;  SUINA.  Sub-Section:  BUNODONTIA. 

Family  I.  : JIIPPOPOTAMIDjE. 

Genus:  HIPPOPOTAMUS,  Linn. 

Syn.  Ch(8ropsis,  Leidy  ; llexaprotodon  and  Tetraprotodon^  Falc. 

Affinities. — The  present  genus,  in  which,  as  will  be  shown  in  the  sequel,  it 
appears  desirable  to  include  all  the  hippopotami,  is  apparently  the  only  representative 
of  the  family,  and  is  remarkably  isolated,  both  in  the  present  and  past  time.  In 
respect  of  the  form  of  the  skull  and  mandible  the  genus  comes  nearest  to 
Merycopotamus,  and  is  thus  intimately  connected  with  the  Anthracotlrn'idcP- : in  the 
structure  of  its  molar  teeth  it  is,  however,  widely  different,  and  in  this  respect  seems 
to  be  nearest  to  the  Siwalik  genus  Ilippohyus  (described  in  the  sequel),  whose 
molar  dentition,  as  remarked  above,  is  of  a peculiarly  specialized  structure.  The 
molars  of  the  hippopotamus  also  present  a very  remarkable  resemblance  to  those  of 
some  of  the  Sirenia ; from  which  circumstance,  together  with  certain  resemblances 
in  the  structure  of  their  brains,  it  has  lately  been  suggested'^  that  these  animals  are 
very  closely  allied.  It  is,  however,  just  possible  that  this  resemblance  may  be  due  to 
the  somewhat  similar  mode  of  life  of  the  hippopotamus  and  the  Sirenia. 

1 It  is  in  great  part  owing  to  this  relationship  that  the  writer  divides  the  Artiodactyla  into  the  Suina  and  the  . 
Ruminantia,  instead  of  into  the  Bunodontia  and  the  Selenodontia.  In  the  latter  arrangement  the  hippopotamus  and 
Merycopotamus  would  be  widely  separated. 

2 Chapman,  ‘Pro.  Acad.  Philadel.,’  1881,  p.  126. 
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'Number  of  species. — The  followinp^  list  comprises  the  non-Indian  species  of  the 
genus  ; and  indicates  the  variation  in  the  number  of  incisors  : — 

1.  HirpopoTAMUs  AMPHiBius,  Liiiii.  Up.  pliocene  to  recent,  Europe  and  Africa. 

H.  abyssinicus.  Less.  H.  major,  Cuv. 

H.  annectans,  Falc.  H.  senegalensis,  Desm. 

H.  capensis,  Desm.  Tttraprotodon  amphibius,  Falc. 

Tetraproiodon  rnajor,  Falc. 

I.  I : the  inner  pair  much  larger  than  the  outer  : one  instance  is  recorded  of  three 
incisors  in  one  ramus  of  the  mandible. i 

2.  Hippopotamus  hipponensis,  Gaudiy.^  Pleistocene’ (?),  xilgeria. 

Hexapioiodon  hipponensis,  Gaud. 

I.  |.  A small  species,  distinguished  by  the  smooth  enamel  of  the  lower  incisors  ; 
which  tend  to  expand  at  their  extremities,  and  thus  indicate  affinity  with  the  pigs. 

3.  Hippopotamus  libeeiensis,  Morton.  Recent,  W.  Africa. 

Chceropsis  liberiensis,  Leidy.®  Teiraprotodoji  liberiensis,  Falc. 

I.  Much  smaller  than  H.  amphibius. 

4.  Hippopotamus  minutus,  Cuv. 

Tetraprotodon  minutus,  Falc. 

I.  t.  Considered  by  Gervais^  to  be  closely  allied  to  H.  liberiensis. 

5*  Hippopotamus  pentlandi,  H.  von  Meyer.  Pleistocene,  S.  EurojDC. 

Tetraprotodon  pentlandi,  Falc. 

I.  \.  As  large  as  H.  amphibius,  with  which  Prof.  Gaudry^  thinks  it  may  be  identified. 

II.  medius,  dviY .=IIalitherium. 

Distribution. — The  genus  is  confined  to  the  Old  World,  where  it  formerly  had  a 
wide  distribution : its  earliest  appearance  in  Europe  is  in  the  upper  pliocene. 

Species  1 : Hippopotamus  sivalensis,  Falc.  and  Caut. 

Syn.  Eexaprotodon  sivalensis^  F.  and  C. 

History. — This  species  was  originally  described  by  Falconer  and  Cautley®  in 
1839  on  the  evidence  of  a very  perfect  specimen  of  the  cranium  from  the  Siwaliks  ; 
which,  with  numerous  other  specimens,  was  subsequently  figured  in  the  “ F.A.S.”^ 
At  a later  date  the  species  was  subdivided  by  M’Clelland,®  but  apparently  on 
insufficient  grounds.  The  name  Hexaprotodon  was  originally  applied  by  Falconer 
and  Cautley  in  a sub-generic  sense,  but  was  adopted  as  a generic  term  by  Sir  R. 
Owen.® 

1 Gaudry,  ‘ Bui.  Soc.  Geol.,’  ser.  3,  vol.  4,  p.  504.  Falconer  (“  Pal.  Mem.,”  vol.  II.,  p.  406)  records  another  so-called 
instance  of  hexaprotodontism.  The  specimen  on  which  this  statement  rests  is  in  the  Museum  of  Trinity  College,  Dublin, 
where  the  present  wi'iter  has  examined  it ; the  extra  tooth  is  malformed  and  very  small,  and  situated  on  the  alveolus  of  the 
canine.  It  can  be  in  no  sense  regarded  as  a reversion,  hut  is  merel}'  a redundancy : the  additional  incisor  of  the 
hexaprotodont  form  should  occur  between  the  two  incisors  of  the  living  hippopotamus. 

2 Op.  cit.,  p.  601,  pi.  XVII.  3 ‘ Journ.  Acad.  Philadel.,’  vol.  II.,  1853,  p.  207. 

4 “ Zool.  et  Pal.  Gen.,”  1st  ser.,  p.  250.  5 Op.  cii.,  p.  504. 

6 ‘ Asiatic  Eesearches,’  vol.  XIX.,  p.  39.  ” Pal.  Mem.,”  vol.  I.,  p.  130,  pis.  XI.,  XII.  7 Plate  LIX.,  et.  seq. 

9 ‘ Journ.  As.  Soc.  Beng.,’  vol.  VII.,  p.  1038  : it  is  unnecessary  to  quote  M’Clelland’s  names. 

3 “ Odontography,”  p.  666,  pi.  CXLIII. 
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Tijincal  crania. — The  cranium  is  in  the  British  Museum  and  is  figured  in 


plate  LIX.,  figs.  1,  la,  lb  of  the 
“ F.A.S.,”  and  is  also  represented 
in  the  accompanying  woodcut 
(fig.  1).  It  has  lost  the  canines^ ; 
but  shows  the  alveoli  of  three 
sub-equal  incisors  on  either  side. 
The  cheek-teeth  are  much  worn, 
ni.  1 being  almost  obliterated : 
the  true  molars  are  broader  than 
long.  An  almost  identical  skull 
represented  in  figs.  2,  2a  of  the 
same  plate  shows  the  base  of  the 
canines,  which  are  readily  dis- 
tinguished from  those  of  11. 
amphihim  by  the  much  deeper 
channelling  of  their  posterior 
surface.^  The  same  specimen 
shoAVS  that  pni.  1,  as  in  the  existing 
species,  was  separated  by  a considerable  interval  from  pm.  2.  In  both  skulls  m.  3 is 
placed  a considerable  distance  in  advance  of  the  posterior  border  of  the  palate ; in 
the  first  s]3ecimen  this  tooth  does  not  extend  behind  the  posterior  border  of  the 
anterior  zygomatic  root ; but  it  does  so  to  a small  extent  in  the  second.  Precisely 
similar  dental  characters  are  exhibited  by  tAVO  other  crania  in  the  British  Museum 
(Nos.  16,380  and  40,889):  the  dentition  of  the  latter  is  in  excellent  preservation, 
and  exhibits  the  large  inner  cingulum,  Avhich  appears  characteristic  of  this  form. 
According  to  Falconer  and  Cautley’s  description,  the  type  skull  differs  from  H. 
amplnhius  in  the  less  jDrominent  orbit ; the  longer  post-orbital  portion ; the  shorter 
and  dee2Der  jn'e-orbital  constriction ; the  more  concave  frontals ; the  higher  occpDital 
surface  and  crest ; the  larger  lachrymal ; the  shorter  diastema,  and  the  more  curved 
line  of  the  cheek-teeth.  The  Avhole  skull  indicates  an  animal  rather  smaller  than 
II.  ampliibius.  The  dimensions  of  the  tvqie  S2)ecimcn  are  given  in  Falconer  and 
Cautley’s  memoir. 

Aberrant  crania. — In  plate  LIX.,  figs.  3,  3a  of  the  “ F.A.S.”  there  is  figured  the 
cranium  of  another  SiAvalik  hipjooiootanms  in  the  British  Museum,  Avhich  differs 
considerably  from  either  of  those  described  above : there  is  another  jjrecisely 
similar  specimen  in  the  same  collection  (No.  17,469),  in  Avhich  m.  3 is  not  fully 
jDi’otruded,  and  mnn  4 has  not  been  shed.  The  figured  sijecimen  has  lost  the  extremity 
of  the  muzzle,  and  a considerable  jDortion  of  both  zygomatic  arches,  but  is  otherwise 
fairly  jDerfect.  The  Avhole  of  the  four  premolars  are  present ; and  as  m.  3 is  fully 
ju'otruded  the  cranium  evidently  belonged  to  an  adult  individual.  These  two  crania 

1 These  are  restored  in  the  woodcut.  2 Compare  “ F.A.S. pi.  LXII. 


Fig.  1.  Hippopotamtis  sivalensis,  F.  and  C.:  a,  palatal  view  of  type 
cranium,  with  the  teeth  much  worn,  i;  b,  third  right  upper  true 
molar  in  an  early  stage  of  wear,  J ; c,  upper  view  of  anterior  portion 
of  mandibular  symphysis,  A.  All  the  specimens  are  in  the  British 
Museum  ; and  came  from  the  Siwaliks. 
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differ  from  tlie  tjqDical  s|)ecimen,s  by  the  relative  position  of  the  molar  series  : thus  m.  3 
is  placed  entirely  behind  the  posterior  border  of  the  zygomatic  root,  and  extends 
backwards  as  far  as  the  line  of  the  jiosterior  border  of  the  palate.  The  line  of  the 
cheek-teeth  is  straighter  ; the  true  molars  are  of  a more  elongated  form,  their  length 
exceeding  their  breadth ; ptn.  1 is  placed  closer  to  pm.  2 | while  pm.  4 is  of  nearly  the 
same  size  as  pm.  3 instead  of  being  considerably  smaller.  The  following  table 
exhibits  the  difference  in  the  dimensions  of  the  true  molars  of  these  specimens,  and 
those  of  the  two  typical  skulls  figured  in  the  “ F.A.S.”;  vis.  : — 


Type  form. 


Aberrant  form. 



Width 

Length 

Width 

Length 

Width 


of 

m. 

1 

1-35 

1-8 

1-78 

? ) 

? 5 

n 

1-75 

1-5 

1-62 

J J 

n 

2 

1-85 

1-65 

2-1 

2-14 

>) 

>> 

2'11 

2-08 

1-75 

1-85 

) > 

n 

3 

1-8 

1-9 

2-1 

J f 

1 > 

J 1 

2-0.5 

1-95 

There  are  several  other  crania  in  the  British  Museum  {e.g.  Nos.  M.  491 ; 16,381  ; 
16,378)  exhibiting  precisely  similar  characters ; and  it  appears  from  these  that  the 
cingulum  on  the  inner  side  of  the  true  molars  is  less  developed  than  in  the  type 
cranium.  These  crania  are  on  the  whole  rather  smaller  than  those  of  the  type  form. 

Intermediate  crania. — Were  it  not  for  the  two  specimens  to  be  now  mentioned,  it 
would  appear  that  the  crania  last  described  belonged  to  a distinct  species  from  H. 
sivalensis ; but  the  former  exhibit  such  transitional  characters  that  it  appears 
impossible  to  accept  this  view.  The  two  crania  in  question  are  in  the  British 
Museum  (Nos.  16,379,  16,382):  in  the  first  m.  3,  although  entirely  behind  the 
zygomatic  root,  is  in  advance  of  the  posterior  border  of  the  palate,  and  pm.  4 is  of 
the  small  size  characteristic  of  the  tyjDical  skulls  : while  in  the  second  m.  3 is  partly 
behind  the  posterior  border  of  the  zygomatic  root,  and  considerably  in  advance  of 
the  posterior  border  of  the  palate  : in  both  the  true  molars  are  of  the  elongated  type. 

It  thus  seems  that  the  wide-toothed  Siwalik  hippopotamus  is  so  closely  connected 
in  certain  resj)ects  by  these  two  skulls  with  the  narrow-toothed  form,  that,  in  the 
absence  of  other  well-marked  differences,  it  appears  im})ossible  to  consider  them  as 
more  than  varieties,  or  races  : it  may  be  convenient  to  designate  the  former,  or 
typical  race  as  var.  latidens,  and  the  latter  as  var.  angustidens.  In  provisionally 
regarding  these  two  forms  as  races  of  one  si^ecies  it  must,  however,  be  borne  in 
mind  that  no  sufficient  distinction  can  be  drawn  between  any  of  the  different  species 
of  the  genus  from  the  pattern  of  their  molars,  and  that  thus  a character  of  much 
A^alue  among  other  genera  as  a means  of  specific  distinction  is  lost ; and  it  may, 
therefore,  still  be  possible  that  there  may  be  more  than  one  si^ecies  necessarily 
included  in  IT.  sivalensis.  The  large  number  of  species  by  which  the  other  genera 
of  large  Ungulata  were  represented  in  the  Siwaliks  renders  this  supposition  the  more  » 
probable. 

In  the  crania  represented  in  plate  LX.  of  the  “ F.A.S.”  the  orbit  is  more 
prominent,  and  the  post-orbital  portion  of  the  skull  relatively  shorter : these 
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cliaracters  being  most  marked  in  tlie  specimen  represented  in  figs.  2,  2a,  2b,  wliere 
they  are  accompanied  by  a lower  occipital  surface  {fig.  2b).  The  transition  from  the 
typical  skulls  to  this  specimen  is,  however,  so  gradual  that,  in  the  absence  of  other 
differences,  it  appears  impossible  to  draw  any  specific  distinction  on  this  score  ; but 
the  specimens  with  more  prominent  orbits  undoubtedly  exhibit  a marked  step  from 
the  type  in  the  direction  of  the  Narbada  and  existing  hippopotami. 

Mandible. — Several  specimens  of  the  mandible  are  represented  in  plates  LX., 
LXI.  of  the  “ F.A.S.”  : those  in  figs.  3 and  6 of  the  former  showing  the  milk- 
dentition  : a specimen  of  the  anterior  portion  of  the  symphysis  represented  in  plate 
LXI.,  fig.  7,  is  refigured  on  a smaller  scale  in  the  woodcut  on  page  38.  The  three 
incisors  are  sub-equal  in  size ; the  median  pair  being  rather  larger  than  either  of  the 
others  : at  the  free  edge  of  the  mandible'  the  six  teeth  form  an  even  line,  but  the 
lower  part  of  the  alveolus  of  i.  2 is  placed  above  the  level  of  the  other  two  alveoli.^ 
These  teeth  are  jfiaced  more  obliquely  than  in  II.  amphibius,  and  the  abraded  surface 
is  more  confined  to  their  extremities,  indicating  affinity  to  the  2:)igs  ; the  canines  are 
relatively  shorter  and  larger ; and  pm.  1 is  retained  longer.  The  descending  plate 
at  the  angle^  is  considerably  larger  and  deeper  than  in  II.  amphibius,  and  its  anterior 
border  is  blunt  and  rounded,  instead  of  curved  and  pointed  anteriorly.  The  mandible 
of  the  Siwalik  species  is  also  distinguished  by  its  longer  symphysis,  of  which  the 
superior  surface  is  more  deeply  channelled.  The  line  of  the  lower  cheek-teeth  and 
the  horizontal  ramus  of  the  mandible,  is  markedly  concave  externally,  instead  of 
nearly  straight.^  It  does  not  appear  that  the  lower  cheek-teeth  of  the  two  forms 
jwesent  any  characteristic  points  of  distinction.  The  following  table  exhibits  the 
dimensions  of  the  mandible®  of  II.  sivalensis  represented  in  j)late  LXI.,  fig.  5,  of  the 
“ F.A.S.,”  compared  with  those  of  a very  large  fossil  mandible  of  II.  amp)hibius  in 


the  British  Museum  from  Auvergne,®  vis. : — 

H.  sivalensis. 

H.  amphibius. 

Length  of  symphysis 

7-1 

6-8 

Interval  between  canines  .... 

80 

11-0 

Depth  at  pm.  1 

4-6 

5-1 

Longer  diameter  of  canine  .... 

2-4 

2-5 

,,  ,,  ,,  1.  1 . 

1-35 

1-4 

9 

1-0 

q 

1-3 

0-8 

Mandible  of  small  variety. — In  fig.  1 of  plate  VI.  of  this  volume  there  is 
represented  the  left  ramus  of  the  mandible  of  a hippopotamus  collected  by  Mr, 
Theobald  in  the  Shvaliks  of  the  Punjab,  which  differs  somewhat  from  the  typical 
mandibles  of  II.  sivalensis^  as  is  shown  by  the  following  dimensions,  vis. : — 

1 “F.A.S.,”  pL  LXL,  fig.  4.  2 fig.  4a.  3 pi.  LX.,  figs.  8,  9. 

4 Compare  “F.A.S.,”  pi.  LXI.,  fig.  6,  with  BlainviUe’s  “ Osteographie,”  Gen.  Hippopotamus,  pi.  II. 

5 B.M.,  Xo.  17,085. 

6 The  homology  of  the  lower  incisors  of  II.  amphibius  will  be  discussed  in  the  sequel. 
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Depth  of  ramus  at  m.  2 
Length  of  five  last  check-tccth 
,,  ,,  m.  1 

Width  ,,  ,,  ,, 

Leng-tli  ,,  ,,  2 
Width  „ ,,  ,, 

Length  ,,  ,,  3 
Width  „ ,,  ,,  . . 


Specimen. 

Typical  form.l 

4-2 

4-4 

7-7 

8-5 

1-21 

Lo 

0'95 

1-3 

1-68 

1-9 

1-22 

1’55 

2-2 

2-82 

1-3 

1-6 

These  dimensions  show  that  while  the  depth  of  the  ramus  is  practically  the 
same  in  the  two  specimens,  there  is  a great  difference  in  the  absolute  size  of  the 
teeth  : the  hinder  border  of  the  symphysis  is  also  placed  farther  forward  in  the 
smaller  jaw,  and  the  true  molars  are  proportionately  slightly  narrower.  In  the  first 
notice  of  this  specimen^  it  was  thought  that  it  might  belong  to  11.  iravaticiis^  but  an 
examination  of  the  original  specimens  on  which  that  species  was  founded  has 
shown  that  the  present  specimen  is  too  large,  and  has  too  short  a symphysis  to 
belong  to  that  form.  It  is  not,  however,  improbable  that  it  should  be  referred  to  the 
form  which  is  here  proAusionally  termed  H.  sivalensis,  var.  angiistidens. 

VertehrcB  and  limb-hones. — An  extensive  series  of  these  bones  are  contained  in  the 
British  and  Indian  Museums,  but  have  never  been  compared  with  those  of  other 
species,  although  a large  number  from  the  former  collection  are  figured  in  the 
“ F.A.S.”'*  The  following  points  in  which  some  of  the  Siwalik  bones  differ  from 
those  of  II.  amphibius  may  be  recorded  : — The  spinous  process  of  the  axis  is  higher 
vertically  and  shorter  antero-posteriorly,  and  the  odontoid  process  blunter  and 
directed  more  upwardly.  The  scapula  has  its  long  diameter  shorter,  and  its  fore- 
and-aft  borders  more  curved.  Of  the  femur  there  are  two  forms,  in  one  of  which 
the  head  is  very  similar  to  that  of  II.  amphibius,  while  in  the  other  it  is  more 
prominent,  and  approaches  that  of  the  same  bone  in  one  of  the  Narbada  species : in 
the  former  the  trochlear  surface  for  the  patella  is  less  deeply  excavated,  and  its 
superior  border  less  sinuous  than  in  II.  amphibius,  thus  indicating  a lesser  degree  of 
specialization : the  shaft  is  apparently  stouter.  These  differences  confirm  the 
suggestion  that  II.  sivalensis  may  really  include  more  than  one  species.  The 
astragalus  (of  which  also  there  seems  to  be  more  than  one  form)  is  decidedly  longer 
than  the  corresponding  bone  of  H.  amphibius,  wadi  thereby  makes  a marked  step  in 
the  direction  of  the  pigs. 

A ffinities. — The  long  mandibular  symphysis,  the  three  pairs  of  incisors  in  each 
jaw,  the  small  prominence  of  the  orbits,  and  the  elongated  astragalus,  are  all 
characters  clearly  indicating  that  this  species  is  of  a less  specialized  type  than  the 
living  members  of  the  genus. 

Distribution. — This  species  occurs  in  the  typical  Siwalik  Hills,  where  its  remains 
are  extremely  common,  and  continues  into  the  w^estern  Punjab,  where  it  is  equally 
rare.  It  is  unknown  from  Sind  and  Perim  Island.  Remains  of  the  genus  occur  in 
Burma,  but  have  all  been  referred  to  the  next  species. 


1 Taken  from  a specimen  in  the  Indian  Museum.  2 ‘ Eecords,’  vol.  XV.,  p.  32. 

3 Vide  inf ra.  4 ITates  LXIll.,  efi  »ej. 
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Species  2 : Hippopotamus  irayaticus,  Falc.  and  Cant. 

Syn.  Ilexaprotodon  iravaticus^'Y . and  C. 

Bistonj. — In  plate  LVII.,  figs.  11,  11a,  10,  10a,  10b,  10c,  of  the  ‘H^bA.S.” 
there  are  figured  two  specimens  of  the  symphysis  of  a small  hexaprotodont 
hippopotamus,  under  the  name  of  II.  iravaticus ; the  first  specimen^  being  nearly 
complete.  In  plate  LXXXIII.,  fig.  12,  of  the  same  work,  the  lower  end  of  a small 
radius  is  figured  under  the  same  name : and  in  Falconer’s  “ Catalogue  of  the 
Fossils  of  the  Asiatic  Society  of  Bengal”  the  lower  ends  of  a radius,  and  a femur 
are  referred  to  the  same  species.^  All  these  specimens  cajne  from  Burma.  With  the 
exception  of  a note  published  in  tlie  “ Palseontological  Memoirs,”®  in  which  it  is 
stated  that  “ II.  iravaticus  is  a size  larger  than  II.  liheriensis^''  this  is  the  Avhole  of  the 
information  left  by  Falconer  in  regard  to  this  species.  In  1882  a note  on  this 
species  was  published  by  the  present  AAuiter,'*  Avherein  it  Avas  suggested  that  a 
mandible  from  the  Punjab  might  perhaps  be  referred  to  it : subsequent  comparisons 
have,  howeA^er,  indicated  that  this  specimen,  as  already  mentioned,  belongs  to  H. 
sivalensis. 

Mandible. — The  type  mandible,  to  wliich  the  reference  has  lieen  already  given, 
is  a sub-adult  specimen,  with  pm.  2 half  protruded.  It  is  distinguished  from  the 
mandible  of  H.  sivalensis  by  its  inferior  size,  projiortionately  longer  symphysis, 
laterally  compressed  i.  3,  as  Avell  as  by  the  circumstance  that  the  six  incisors,  instead 
of  forming  a straight  line  betAveen  the  canines,®  are  placed  irregularly  ; the  second 
being  above  the  first,  and  the  third  beloAv  both  the  others.  The  alveoli  of  the  three 
first  premolars  also  shoAV  that  pm.  I and  pm.  z Avere  separated  by  proportionately 
longer  intervals.®  The  more  important  of  these  diflterences  are  exhibited  by  the 


following  measurements,  viz.  : — 

H.  iravaticus. 

H.  sivalensis. 7 

Length  of  symphysis  .... 

5-1 

7-1 

Interval  between  canines 

4'45 

80 

Depth  at  pm.  1 

2-9 

4-6 

Longer  diameter  of  canine 

1-48 

2-4 

These  differences  are  of  such  importance  as  to  leave  little  doubt  of  the  specific 
distinctness  of  the  small  IraAvadi  hippopotamus®  from  II.  sivalensis.  The  only  other 
described  species  with  Avhich  the  former  could  be  identical  Avould  be  the  subsequently 
named  H.  hipponensis  ; but  the  knoAAm  remains  of  that  species  do  not  permit  of  exact 
comparison  with  H.  iravaticus. 

The  extremely  long  mandibular  symphysis  of  the  latter,  and  the  relatirmly 

1 B.  M.,  No.  14,771.  2 Vide  “Pal.  Mem.,”  vol.  I.,  p.  142.  s A"ol.  II.,  p.  406. 

4 ‘Records,’  vol.  XA^.,  p.  31.  5 Compare  “ F.A.S.,”  pi.  LXII  , fig.  4.  . 6 Ibid,  pi.  LXI.,  figs.  4,  5. 

7 Ibid,  pi,  LXI.,  fig.  5 (B.  M.,  No.  17,085). 

8 There  are  several  specimens  of  the  symphysis  of  the  mandible  of  small  hippopotami  from  Burma  in  the  collection  of 
the  Indian  Museum  {e.g.  No.  B.  304),  which  may  very  probably  belong  to  the  present  species.  The  present  writer’s  attention 
was  not  directed  to  the  specific  characters  of  these  specimens  during  his  service  on  the  Cieological  Survey. 
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small  interval  between  the  canines,  undoubtedly  indicates  a nearer  approximation  to 
the  pigs  than  is  exhibited  by  any  other  species  of  the  genus,  in  which  the  complete 
symphysis  is  known.  The  mandible  indicates  a species  about  one-third  smaller  than 
H.  sivalensis. 

Limb-bones. — In  plate  LXXXIII.,  figs.  12,  12a,  12b,  of  the  “ F.A.S.”  there  is 
represented  the  distal  extremity  of  the  radius  of  a small  hippopotamus  from  Burma, 
which  is  referred  to  II.  iravaticus.  Its  dimensions  are  compared  below  with  those  of 
the  corresponding  bone  of  TI.  sivalensis,^  viz. : — 

II.  iravaticus.  H.  sivalensis. 

Transverse  diameter  of  articulating  surface  . . . 2'8  4'0 

Ant. -post.  ,,  ,,  ,,  ...  1-7  2T5 

A similar  specimen  in  the  Indian  Museum  is  catalogued  by  F alconer,^  and  there 
is  also  the  lower  end  of  a femur  in  the  same  collection.  The  distal  articular  surface 
of  the  radius  of  II.  iravaticus  is  less  expanded  laterally  than  in  H.  sivalensis ; and 
thereby  exhibits  more  affinity  to  the  pigs.  There  are  one  or  two  other  bones  in  the 
British  Museum,  which  may  not  improbably  be  referred  to  the  present  species. 

Distribution. — With  the  exception  of  a few  bones  in  the  Indian  Museum  from 
the  Siwaliks  of  Burma,  the  above-mentioned  remains  are  all  that  can  be  referred  to 
the  jiresent  species,  which  has  hitherto  been  certainly  determined  only  from  Burma. 

Species  3 : Hippopotamus  namadicus,  Falc.  and  Cant. 

Syn.  Ilexaprotodon  namadicus,  F.  and  C. 

Distorijd — In  jilate  LVII.,  figs.  12,  1 2a,  and  in  plate  LVIII.,  figs.  1,  la,  2,  2a, 
3,  3a,  of  the  “ F.A.S.”  there  are  figured  four  specimens  of  the  mandible  of  a 
hexaprotodont  hippo2iotamus  from  the  Narbadas,  under  the  name  of  II.  namadicus. 
The  species  was,  however,  never  described;  but  Falconer^  mentioned  that  it  was 
larger  than  H.  ampliibius,  or  D.  sivalensis,  and  had  well-marked  specific  characters. 
The  jiresent  writer^  has  suggested  that  this  sjiecies  might  possibly  be  the  same  as 
a.  palceindicus,  but  later  observations  disprove  this  view. 

Mandible. — The  mandibles  figured  in  the  “ F.A.S.”  show  a considerable  variation 
in  size,  the  largest  (pi.  LVIII.,  fig.  1)  exceeding  the  largest  mandible  of  H.  sivalensis. 
The  incisors  are  three  in  number  on  either  side ; the  second  being  smaller  than 
either  of  the  others,  and  its  alveolus  placed  slightly  above  the  level  of  those  of  the 
other  two  : this  character  is  more  marked  in  some  specimens  than  in  others,  and  is 
especially  noticeable  in  a mandible  from  the  Narbadas  in  the  Indian  Museum 
(No.  F.  147).  These  mandibles  are  readily  distinguished  from  the  mandible  of 

1 “ F.A.S.,”  pi.  LXV.,  fig.  18. 

2 Vi^e  ” Pal.  Mem.,”  vol.  1.,  p.  142.  In  this  passage  the  specimen  is  compared  to  the  radius  of  H.  sivalensis  figured  in 
pi.  LXV.,  fig.  18,  of  the  ‘‘  F.A.S.”  The  numbers  were,  however,  left  blank  in  Falconer’s  Catalogue,  and  were  evidently 
filled  up  by  the  editor  of  the  “ Pal.  Mem  ”:  they  should  have  been  pi.  LXXXIII.,  fig.  12. 

3 Xumerous  remains  of  hippopotami  from  the  Narbadas  were  described  by  Dr.  Spilsbury  in  the  ‘ Journ.  As.  Soc.  Beng.’ : 
but  these  descriptions  need  not  be  quoted  on  this  occasion. 


4 “ Pal.  Mem.,”  vol.  II.,  p.  40G. 


5 ‘ Ilecords,’  vol.  XV.,  pp.  102-3 
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II.  sivalensis  by  the  more  abrupt  angle  at  the  inferior  border  of  the  anterior 
extremity,  and  by  the  relatively  shorter  symphysis  ; the  latter  character  being  shown 
in  the  following  table  of  measurements  ; vis. : — 


Length  of  symphysis 
Interval  between  canines 
Depth  at  pm.  1 
Longer  diameter  of  canine 

)>  ))  ))  1-  1 
o 

>»  »> 

J?  ff  ^ 


Ind.  Mue. 
F.  147. 


1-2 

0- 9 

1- 33 


H.  namadicus  i H.  sivalensis. 


Brit.  Mus. 

A 

> 

t — 

1. 

2. 

v 

3. 

4-1 

6-2 

5-85 

7-1 

7-2 

9-3 

9-9 

80 

4-3 

4-65 

5*2 

4-6 

1-67 

1-86 

2-14 

2 4 

1-23 

1-26 

1-3 

1 35 

0-97 

0-9 

0-92 

1-0 

1-24 

1 43 

1-5 

1-3 

The  complete  horizontal  ramus  of  this  species  is  not  exhibited  by  any  of  the 
British  Museum  specimens,  but  the  highly  curved  outer  surface  of  the  portion 
remaining  indicates  that  the  ramus  was  relatively  shorter  than  in  II  sivalensis,  and 
probably  not  dissimilar  to  that  of  the  next  species.  The  short  symphysis 
distinguishes  the  present  jaws  still  more  markedly  from  II.  iravaticiis..  The  incisors 
exhibit  none  of  the  peculiarities  of  those  of  II.  Idpponcnsis.  The  distinction  of  the 
present  specimens  from  the  mandible  of  the  succeeding  species  (AT.  palcvindicus')  will 
be  indicated  in  the  sequel. 

The  foregoing  comjiarisons  sufficiently  indicate  the  specific  distinctness  of 
II.  namadicus  from  all  other  known  hexaprotodont  forms. 

Cranium. — In  the  “ F.A.S.”  (pi.  LVII.,  fig.  1,  LVIII.,  fig.  4)  two  crania  of 
Narbada  hippopotami,  wanting  the  premaxillie,  are  referred  to  II.  palceindicus ; and  a 
third  specimen  in  Calcutta^  was  also  assigned  by  Falconer  to  the  same  species. 
There  is  apparently,  however,  not  the  slightest  reason  for  assigning  any  of  these 
specimens  to  H.  palceindicus  rather  than  to  H.  namadicus  \ and  it  is  quite  probable 
that  some,  or  all  of  them  may  belong  to  the  latter.  It  will  be  better  to  allude  to 
the  distinctive  characters  of  these  crania  under  the  head  of  II.  palceindicus. 

Distribution. — Remains  which  can  be  certainly  referred  to  the  present  species 
have  been  obtained  only  from  the  Narbadas ; but  the  old  alluvium  of  the  Jainna, 
and  the  pleistocene  of  the  Pemganga  and  other  rivers,  have  yielded  remains  of 
hippopotami,  which  may  probably  be  referred  either  to  one  or  other,  or  to  both  of 
the  Narbada  species. 


Species  4 : Hippopotamus  pal^indicus,  Falc.  and  Caut. 

Syn.  Tetraprotodon  palceindicus,  F.  and  C. 

Ilistori/. — With  the  exception  of  the  mandibles  noted  above  as  belonging  to 

H.  namadicus,  the  Avhole  of  the  remains  of  hipjoopotami  from  the  Narbadas  figured 
in  the  “F.A.S.”  are  referred  to  the  present  species;  of  which  no  description  was 

1 The  British  Museum  specimens  of  -which  the  measurements  are  given  are  those  figured  in  the  “ F.A.S. pi.  LVIII.  : 

I,  fig.  2 (No.  36,840)  : 2,  fig.  3 (No.  36,838)  : 3,  fig.  2 (No.  36,839). 

2 Vide  “Pal.  Mem.,’’  vol.  I.,  p.  147. 
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ever  published  by  Falconer.  The  only  one  among  all  those  specimens  exhibiting 
the  incisors  is  the  symphysis  of  the  mandible  represented  in  plate  LVII.,  figs.  5,  5a 
of  the  “ F.A.S.”;  which  must  consequently  be  taken  as  the  type  specimen.  The 
only  important  note^  of  Falconer’s  in  reference  to  the  species  is  to  the  effect  that  it 
differed  from  II.  amj^hibius,  in  the  proportions  of  the  lower  incisors.  A note  was 
published  in  1882  by  the  present  writer^  showing  that  JI.  palceindicus  was  at  all 
events  in  some  instances  hexaprotodont. 

Mandible. — The  type  mandible®  consists  only  of  the  symjDhysis,  showing  the 
complete  alveoli  of  a central  pair  of  incisors,  and  the  lower  halves  of  the  alveoli  of 
an  outer  pair,  together  with  the  section  of  the  left  canine.  The  alveoli  of  the  outer 
incisors  are  larger  than  those  of  the  inner  ; and  in  the  figure  the  specimen  has  been 
restored  as  simply  tetraprotodont,  but  it  will  be  shown  below  that  this  restoration  is 
most  probably  incorrect.  A similar  mandible  from  the  Narbadas,  now  in  the  Indian 
Museum,  was  referred  to  this  sjDecies  by  FalconeF ; it  comprises  only  a portion  of 
the  symphysis,  exhibiting  the  lower  halves  of  the  alv.eoli  of  two  pairs  of  incisors 
and  of  the  canines. 

In  figure  2 of  plate  VI.  of  the  present  volume  there  is  represented  the  symphysis 
of  the  mandible  of  a hippopotamus  collected  by  Mr.  C.  Hackett  in  the  Narbadas.® 
In  this  specimen  there  remain  the  sections  of  two  pairs  of  large  and  closely 
approximated  incisors ; and  in  the  upper  triangular  spaces  between  the  first  and 
second  pair  there  are  wedged  another  pair  of  very  minute  teeth,  evidently 
corresponding  to  the  second  pair  of  incisors  (i72)  in  H.  namadicus.  The  whole  form 
of  the  jaw,  and  the  relative  size  of  the  two  pairs  of  large  incisors  leaves  no  doubt 
that  the  specimen  belongs  to  II.  palceindicus.  In  the  British  Museum  there  are  two 
specimens  of  similar  mandibles  (Nos.  40,893  and  41,663)  from  the  Narbadas,® 
acquired  since  Falconer’s  death,  exhibiting  a precisely  similar  arrangement  of  the 
incisors.  The  former  specimen  shows  the  symphysis,  and  the  complete  left  ramus  : 
the  descending  process  is  smaller  than  in  E.  sivalensis,  and  more  like  the  same  part 
in  H.  ampkibiiis ; the  horizontal  ramus  is,  however,  much  shorter  than  in  either,  the 
total  length  from  the  descending  process  to  the  extremity  being  only  11^  inches,  in 
place  of  15  in  an  equal-sized  specimen  of  AT.  amphibiusd  In  the  second  specimen  iT2 
is  smaller  on  the  left  than  on  the  right  side.  In  the  following  table  the  dimensions 
of  the  four  specimens  mentioned  above  are  compared  with  those  of  II.  namadicus  and 
H.  sivalensis  ; viz. : — 

1 “ Pal.  Mem.,”  vol.  I.,  p.  147.  2 < Records,’  vol.  XV.,  p.  102. 

3 “ F.A.S.,”  pi.  LVII.,  fig.  5.  The  place  where  this  specimen  is  preserved  is  unknown. 

1 “ Pal.  Mem.,”  vol.  I.,  p,  147. 

5 The  specimen  mentioned  in  the  passage  of  the  ‘ Records,’  ah-eady  cited. 

6 The  second  specimen  (41,663),  which  was  bought  at  Toulmin-Smith’s  sale,  is  labelled  Siwaliks  : its  general  condition, 
and  especially  its  imperfect  state  of  mineralization,  leaves,  however,  not  the  slightest  doubt  of  its  Narbada  origin. 

7 A specimen  from  Auvergne  in  the  British  Museum. 
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II.  pala;iiidicus. 

11.  namadicus. 

11.  sivalonsis. 

Length  of  symphysis 

( 

Type  sp. 

I.  M. 

F.  149. 

B.  M. 

40,893. 

5 0 

B.  M. 
41,663. 

5-39 

f 

4T 

5-2 

5 '85 

7T 

Interval  between  canine 

8-2 

9-3 

7-2 

9-3 

9 9 

80 

Depth  at  pm.  1 . 

4-9 

5'2 

4-3 

4 65 

6-2 

4 6 

Longer  diameter  of  canine 

2-26 

2-35 

1-67 

1-86 

2'14 

2-4 

)>  ^ 

1*5 

1-96 

1-80 

1-8 

1-2 

1-23 

1-26 

1-3 

1-35 

9 

yy  yy  yy  yy  ^ • 

0-59 

0-62 

0’72 

0-9 

0-97 

0-9 

0-92 

I'O 

*5 

yy  yy  yy  yy  ^ 

1-8.5 

2-0 

1-84 

1-81 

1-33  1-24 

1-43 

1-5 

1 3 

From  tlie  occurrence  of  tlie  small  i.  2 in  all  the  three  specimens  in  which  the 
superior  surface  of  the  symphysis  is  preserved,  it  seems  probable  that  this  tooth  was 
originally  present  in  the  two  specimens  noticed  by  Falconer,  in  wdiich  that  part  is 
wanting.  The  table  of  measurements  shows  that  in  specimens  in  which  the  depth 
of  the  mandible  is  the  same,  the  symphysis  is  shorter  in  11.  'paloeindicus  than  H. 
namadicus ; and  this,  coupled  with  the  larger  size  of  the  first  and  third  pairs  of 
incisors,  and  the  smaller  size  of  the  second  pair,  indicates  the  specific  distinctness  of 
the  two  forms.^  This  is  confirmed  by  fhe  difference  in  the  position  of  the  canines, 
which  are  placed  more  nearly  on  a level  with  the  incisors  in  II.  namadicus  than  in 
H.  palccindicus. 

Besides  the  shorter  mandibular  ramus,  the  latter  species  is  distinguished  from 
II.  amphihius  by  the  shorter  sjunphysis  ; by  the  equality  in  size  of  i.  1 and  iTy  ; and 
by  the  presence  of  the  minute  172. 

Cranium. — The  impossibility  of  deciding  as  to  whether  the  crania  figured  in  fhe 
“ F.A.S.,”^  under  the  name  of  H.  palceindicus,  and  the  similar  cranium  in  the  Indian 
Museum  so  named  by  Falconer,®  really  belong  to  that  species,  or  to  II.  namadicus,  or 
to  both,  has  been  already  alluded  to  under  the  head  of  the  latter  species.  The  chief 
characters  of  these  crania  may  now  be  briefly  mentioned.  They  indicate  an  animal 
somewhat  larger  than  the,  existing  race  of  II.  ampMbius  ; and  are  characterised  by 
their  prominent  orbits,  and  their  general  shortness  : the  latter  feature  being  shown 
by  the  small  interval  between  the  posterior  border  of  the  palate  and  the  anterior 
zygomatic  root,  as  well  as  by  the  extreme  shortness  of  the  pre-orbital  constriction, 
and  the  backward  position  of  the  maxillary  expansion.  The  last  molar  has  its 
posterior  border  placed  slightly  behind  the  free  border  of  the  palatines ; which  at 
once  distinguishes  these  crania  from  those  of  all  other  species  except  one  variety  of 
II.  sivcdensis.  In  that  form,  however,  m.  3 does  not  extend  in  advance  of  the 
posterior  border  of  the  anterior  zygomatic  root ; whereas  this  is  largely  the  case  in  the 
Narbada  skulls ; the  Siwalik  skulls  are  also  distinguished  by  their  considerably 
longer  shape,  and  longer  pre-orbital  constriction  ; and  by  their  narrower  molars. 
The  nasals  of  the  Narbada  skulls  seem  to  have  been  shorter  and  wider  than  those  of 
II.  ampliibius.  The  shortness  of  the  Narbada  skulls  is  a character  which  accords 
equally  well  with  both  the  forms  of  lower  jaws  from  that  formation. 


1 Before  he  had  an  opportunity  of  comparing  all  the  specimens  the  present  writer  thought  they  might  be  identical. 
Plate  LVII.,  figs.  1,  16;  LVIII.,  figs.  4,  46.  3 “ Pal.  Mom.,”  vol.  I.,  p.  147. 
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Vertebrce  mid  limi-bones. — Two  vertebrae  and  several  limb-bones  of  Narbada 
liipj)opotami  are  figured  in  the  “ F.A.S.”  under  the  name  of  H.  palaindicus  ; but  it  is 
quite  impossible  to  say  whether  they  belong  to  that  species  or  to  II.  namadicus.  A 
very  large  collection  of  similar  bones  from  the  Narbadas  is  contained  in  the  Indian 
Museum,  but  has  never  been  described.  The  femuE  has  a larger  great  trochanter 
and  a more  prominent  head  than  in  II.  amphihius^  and  the  shaft  of  the  bone  is 
apparently  longer  and  more  slender. 

Distribution. — Like  II.  namadicus.,  this  species  is  only  certainly  known  from  the 
Narbadas  ; but  it  probably  also  occurs  in  the  corresponding  deposits  of  the  other 
large  rivers.  The  association  of  hippopotamus  remains  with  stone  implements  in 
the  Narbadas  ^^roves  the  coexistence  of  man  in  India  with  these  animals,  and  hence 
Falconer’s  conjecture  that  the  so-called  ^water-elephant’  of  the  early  writings  of 
India  refers  to  a tradition  of  the  existence  of  that  animal  may  not  improbably  be 
correct.^ 

General  Remarks  on  the  genus  Hippopotamus. 

Generic  unitij  of  hexa-  and  tetraprotodont  forms. — The  case  of  H.  palceindicus.,  which 
in  its  lower  jaw  is  really  a Ilexaprotodon  in  process  of  conversion  into  a Tetraprotodon, 
coupled  with  the  instance  of  unilateral  hexaprotodontism  in  II.  ampMhius^^  indicates 
that  Falconer’s  two  subgenera  should  be  abolished.  This  point  being  admitted  there 
are  but  slight  grounds  for  retaining  the  subgenus,  or  genus,  Olimropsis ; and 
accordingly  all  the  species  of  hippopotamus  may  be  referred  to  a single  genus. 

Lines  of  specialization. — The  Indian  species  of  the  genus  indicate  that  the 
specialization  of  the  genus  has  advanced  on  two  main  lines  ; firstly.,  in  the  shortening 
and  widening  of  the  mandibular  symphysis,  frequently  accompanied  by  a general 
shortening  of  the  cranium  and  mandible ; and,  secondly,  in  the  reduction  of  the 
number  of  incisors,  this  reduction  probably  occurring  first  in  the  lower  jaw,  and 
being  accompanied  by  the  largely  increased  size  of  one  or  more  of  the  remaining 
pairs  of  teeth.  These  features  are  apparently  also  accompanied  by  an  increase  in 
the  size  of  the  canines. 

The  most  primitive  form  of  mandible  is  exhibited  by  II.  iravaticus,  in  which  the 
long  narrow  symphysis,  the  six  small  incisors,  and  the  small  canines,  indicate  an 
animal  much  closer  to  the  pig  than  any  other  species  of  which  the  mandible  is 
known.  The  next  step  is  II.  sivalensis,  in  which  the  symphysis  is  considerably 
shorter,  although  the  incisors  still  preserve  their  small  size.  The  third  step  is  II. 
namadicus,  in  which  the  symphysis  has  still  more  decreased  in  length,  while  175  has 
become  slightly  smaller,  and  is  thrown  more  or  less  above  the  line  of  the  other  two. 
The  fourth  step  is  exhibited  by  H.  palccindicus,  in  which  the  symphysis  is  shorter 
than  in  any  other  form,  while  iTi  and  i.  3 have  increased  enormously  in  size  at  the 
expense  of  172,  which  becomes  wedged  in  between  the  other  two.  It  is  highly 

1 “ F.A.S. lA.  LVIII.  2 “ Pal.  Mem.,”  vol.  II.,  pp.  613-4.  3 Vide  .supra,  Z1 . 
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probable  that  tliese  four  species  represent  tlie  actual  line  of  descent  in  wliicli  tliese 
modifications  have  been  accoln2^1islled. 

Anotlier  branch,  which  may  have  taken  origin  from  the  same  hexaprotodont 
stock,  is  represented  by  11.  amphiUus.,  in  which  tlie  symphysis  is  shorter  than  in  11. 
sivalensis,  although  longer  than  in  the  Narbada  hippopotami : in  this  form  the  lower 
incisors  are  reduced  to  two,  of  which  the  inner  is  very  large,  and  tlie  outer  very 
small.  Finally  in  H.  lihericnsis  another  tooth,  probably  corresponding  to  the  small 
outer  incisor  of  H.  ampldbius^  has  likewise  disappeared.  The  longer  symphysis  of 
II.  amphibius  indicates  that  this  species  should  not  be  regarded  as  the  direct 
descendant  of  either  of  the  Narbada  hippopotami : the  large  size  of  iTa  in  II 
palceindicus  still  more  strongly  confirms  this  view  in  respect  of  that  species. 

Homology  of  incisors. — In  the  case  of  11.  palceindicus  it  is  jiroved  that  i72  is  the 
tooth  which  is  about  to  disappear ; and  from  the  constancy  of  the  order  in  which 
the  terminal  cheek-teeth  tend  to  disappear  among  the  more  specialized  mammals,  it 
may  be  assumed  with  a high  degree  of  probability  that  it  is  the  same  tootli  which  is 
wanting  in  the  mandible  of  11.  amphibius.  It  is  unfortunate  that  the  upper  incisive 
series  of  II.  palceindicus  is  unknown,  but  from  the  disappearance  of  homologous 
cheek-teeth  in  the  upper  and  lower  jaws  of  mammals  generally,  it  is  probable  that  it 
is  ^ which  has  disappeared  in  II.  amphibius  and  the  other  tetraprotodont  forms. 
This  inference  is  confirmed  by  certain  observations  recorded  by  Prof.  P.  Albrecht,^ 
which  lead  to  the  conclusion  that  it  is  the  same  tooth  which  has  disappeared  in  man, 
and,  therefore,  in  other  mammals.^ 

The  small  size  of  iTs  in  II.  amphibius  renders  it  probable  that  it  is  this  tooth 
which  has  disappeared  in  U.  liberiensis ; and  it  would,  therefore,  seem  that  in  those 
mammals  where  the  incisors  are  reduced  to  a single  pair,  that  pair  corresponds  to  the 
first  of  the  typical  series.  From  the  instance  of  II.  liberiensis  it  also  seems  that  the 
disappearance  of  each  pair  of  incisors  commences  in  the  lower,  sooner  than  in  the 
upper  jaw ; this  arrangement  corresponding  with  that  which  obtains  in  the  case  of 
the  cheek-teeth  among  mammals  generally. 

If  these  conclusions  hold  good  the  two  upper  incisors  which  are  occasionally 
developed  in  Rhinoceros^  will  be  respectively  the  first  and  third  of  the  eutherian 
series  ; the  single  tooth  that  is  normally  present  being  the  first.  It  will  also  be 
evident  that  the  two  pairs  of  lower  cutting  teeth  which  are  frequently  present  in 
that  genus,  will  be  respectively  the  inner  incisor  and  the  canine  ; since  if  they  were 
both  incisors,  as  was  formerly  considered  to  be  the  case,  the  number  of  lower  incisors 
would  exceed  the  upper ; which  is  aj^parently  never  the  case  among  the  eutherian 

1 “ Sur  les  4 Os  Intermaxillaires,  le  Bec-de-Lievre,  et  la  Valeur  Morphologique  des  Dents  Superieures  de  rHomnic,” 
Brussels,  1883. 

2 The  instances  of  Ursus  labiatus  in  which  m is  wanting,  and  Babirussa  in  which  i:_3  has  disappeared,  are  exceptions ; 
hut  as  the  space  for  this  tooth  persists  in  the  former,  and  the  dentition  of  the  species  is  altogether  abnormal,  while  in  the 
latter  the  disappearance  of  ^ is  clearly  due  to  the  large  canine,  these  exceptions  need  not  invalidate  the  rule. 

3 Vide  ‘ Journ.  As.  Soc.  Beng.,”  vol.  XLIX.,  pt.  II.,  p.  135,  pi.  VII.,  fig.  1 : these  teeth  are  numbered  l and  i-  2 in 
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mammals,  except  in  special  instances  like  those  noticed  above.  From  the  presence 

of  four  incisors  in  some  Metatlieria  Prof.  Albreclit  comes  to  the  further  conclusion 

♦ 

that  ^5  of  the  eutherian  series  really  corresiDonds  to  iyt  of  the  metatherian  series  ; 
the  first  reduction  in  number  taking  place  by  the  suppression  of  ^ of  the 
metatherian  series. 

Family  II.:  SUIDj^. 

Extent. — For  palfcontological  purposes  it  seems  best  that  the  present  family 
should  be  taken  to  include  the  recent  family  Ekotylidm.^  It  is  abundantly  rejiresented 
in  the  fossil  state  both  in  the  New  and  Old  Worlds : all  the  species  found  in  the 
former  are,  however,  more  or  less  closely  related  to  Bicotyles ; the  typical  swine 
having  apparently  been  always  confined  to  the  Old  World.  The  Siwalik  repre- 
sentatives of  the  family  comprehend  the  genera  Siis,  Hippohyus,  Sanitherium,  and 
Hyotherium  ; which  will  be  treated  of  in  this  order. 

Genus  I. : SUS,  Linn. 

Including^  Porcula,  Hodgs.;  and  Potamochoerus,  Gray. 

Extent,  dentition,  etc. — The  dentition  of  the  existing  species  of  Eus  is  so  well 
known  that  it  is  unnecessary  to  describe  it.  It  comprehends  the  full  eutherian 
series ; but  in  some  fossil  forms  the  first  premolar  in  both  jaws  is  usually  or  always 
absent.  In  the  African  river-hogs  {Potamochoerus)  the  anterior  preinolar  is  also 
absent  in  both  jaAvs,  the  talon  of  the  last  molars  is  smaller  than  in  the  more  typical 
jDigs,  and  the  structure  of  all  the  cheek-teeth  is  somewhat  less  complex.®  In  some 
of  the  iniocene  and  pliocene  forms  the  latter  features  are  still  more  pronounced,  and 
it  thus  becomes  very  difficult  to  draw  any  distinction  between  Sus  and  Hyotherium, 
and  impossible  to  draw  any  between  Eus  and  Potamochoerus ; so  that  for  palaeontological 
purposes  the  two  living  species  of  the  latter  may  be  included  in  the  former.  It  has 
recently  been  showiT  that  the  genus  Porcula,  Hodgs.,  should  be  merged  in  Eus. 
Bahirussa,  besides  its  enormously  developed  canines,  is  readily  distinguished  by  the 
early  loss  of  the  outer  upper  incisors,  and  the  two  first  premolars  in  each  jaw : the 
talons  of  the  last  molars  are  also  smaller,  and  the  four  main  columns  of  the  molars 
more  distinct  than  in  existing  species  of  Eus ; these  teeth  being,  moreover,  relatively 
narrower.  Iti  cases  where  only  the  hinder  cheek-teeth  of  some  of  the  more 
generalized  fossil  forms  are  known  it  would,  hoAvever,  be  difficult  to  distinguish 
between  Eus  and  Bahirussa. 

Recent  species. — There  is  still  a great  amount  of  uncertainty  as  to  the  number  of 

1 In  vol.  II.  of  this  work  fp.  146)  the  two  families  are  still  maintained.  QQnns  Heterohyus,  Gerv.  Zool.  et  Pal. 

Frang.y  pi.  XXXV.,  fig.  14),  was  then  included  in  the  Suida:  from  its  resemblance  to  Jphelotherium  it  should  however 

I ^ * 

very  probably  be  referred  to  the  Pachysimia. 

2 It  is  needless  to  allude  to  the  numerous  genera  into  which  Siis  was  divided  by  Gray. 

3 There  is,  however,  an  almost  complete  transition  in  this  respect  among  living  pigs  from  5.  scro/a  to  Potamochwtus 

4 Garson,  ‘ Proc.  Zool.  Soc.,’  1883,  p.  413,  et.  teq. 
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existing  Asiatic  species  of  the  genus.  Rolleston^  regards  S.  cristakis,  S.  vitlatus,  and 
S.  leucomystax  as  forming  a closely  allied  group,  and  thinks  it  highly  probable  that 
the  two  last  may  be  all  but  identical ; he  also  considers  S.  andamancnsis,  8.  j)apuensis^ 
and  8.  timoremis  as  another  group  intimately  related  to  the  first.  Prof.  Rlitimeyer'^ 
unites  8.  leucomystax  and  8.  vittatus^  and  regards  the  8.  anclamanensis  group  as  smaller 
races  of  the  same.  Prof.  Forsyth-Major®  thinks  that  (excluding  Potamoclmrus  and 
P or  cilia  (S.  salvanius))  there  are  but  four  existing  species,  vis.,  8.  scrofa,  8.  harhatus^ 
8.  verrucosus,  and  8.  vittatus ; the  latter  including  5'.  cristatus,  .8  leucomystax , the  8. 
andamanensis  group,  and  some  other  forms.  All  are  agreed  in  regarding  8.  celehensis 
as  intimately  related  to,  or  identical  with,  8.  verrucosus. 

8.  barhatus  is  readily  distinguished  by  its  elongated  cranium,  and  the  extremely 
short  111.  3.  8.  scrofa,  according  to  Rolleston,  is  distinguished  from  8.  verrucosus  and 

the  8.  vittatus  and  8.  andamanensis  groujis,  by  the  form  of  the  lachrymal,  and  the 
relatively  long  facial  portion  of  the  cranium.  In  males  of  8.  cristatus  the  talon  of 
ill.  3 is  more  complex  than  in  8.  scrofa,  and  in  most  instances  the  length  of  m.  3 
exceeds  that  of  ni.  1,  m.  2,  and  in  all  examples  that  the  writer  has  seen  the  length  of 
m.  3 exceeds  that  of  m.  1 and  m.  2.‘^  In  8.  vittatus  in.  3 is  normally  shorter  than  in  N 
cristatus  ; its  length,  especially  in  the  lower  jaw,  in  all  typical  examples®  that  have 
come  under  the  writer’s  notice  being  less  than  that  of  m.  1,  in.  2.  There  may  be 
exceptions,  but  these  points  are  generally  characteristic  of  the  two  forms.  In  8. 
andamanensis^  in.  3 has  a still  smaller  talon,  and  its  length  is  still  less  in  proportion  to 
that  of  m.  1,  m.  2.  On  these  grounds  the  present  writer  is  inclined  to  continue  to 
apply  separate  names  to  the  Indian  8.  cristatus,  the  Javan  (etc.)  8.  vittatus,  and  the 
smaller  8.  andamanensis,  even  if  certain  forms  indicate  a more  or  less  complete 
transition  between  them.’’  In  8.  verrucosus  the  length  of  m.  3 is  usually  about  the 
same  as  that  of  m.  1,  m.  2.  8.  salvanius  is  distinguished  from  all  by  its  diminutive 

size.  The  river-hogs  comprise  8.  afrieanus  of  S.,  and  8.  porcus  of  W.  Africa : the 
skulls  of  these  species  are  readily  distinguished  by  the  great  development  of  the 
protuberance  above  the  canine. 

Fossil  There  is  great  difficulty  in  deciding  on  the  number  of  European 

fossil  species ; and  the  following  list®  Avhich  comprehends  the  best-defined  forms  must, 
therefore,  be  regarded  as  purely  provisional.  The  confusion  in  the  synonomy  is, 
indeed,  so  great,  that  the  only  way  to  arrive  at  a thoroughly  satisfactory  conclusion 

1 ‘ Trans.  Linn.  Soc.’  Zool.,  ser.  2,  vol.  I.,  pp.  251-286  (1877).  2 ‘ Verh.  nat.  Ges.  Basel,’  vol.  VI.,  pt.  3 (1877). 

3 Cams’  ‘ Zoologischer  Anzeiger,’  vol.  VI.,  pp.  295-300  (1883). 

4 In  one  specimen  in  tte  Brit.  Mus.  (No  1716  S.)  m.3  is  abnormally  short,  its  length  being  less  than  that  of  m-  <.  m. 2 ; 

mTs  is,  however,  longer  than  lilTi,  mTa.  The  same  seems  to  be  the  case  with  the  male  skull  figured  by  Bolleston.  These 
specimens  are,  therefore,  exceptions  to  the  general  rule  given  on  page  56.  , 

6  No.  1362  B.,  British  Museum.,  is  an  exception,  but  this  specimen  not  improbably  belongs  to  S.  verrucosus. 

6 Eolleston,  op.  cit.,  p.  262,  pi.  XLIII.,  fig  8. 

7 The  writer  would  not  be  deterred  from  applying  distinct  names  to  two  well-marked  forms  which  are  more  or  less 
connected  by  other  forms,  for  it  is  evident  that  if  such  connections  bo  wanting  this  is  merely  due  to  their  extinction. 

8 It  should  be  observed  that  here,  as  elsewhere,  the  references  do  not  always  refer  to  the  original  descriptions  of  the 
different  species,  but  merely  to  memoirs  where  good  figures  or  descriptions  may  be  found. 
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would  be  to  compare  all  the  type  specimens.  The  most  doubtful  species  are  indicated 
by  an  asterisk.  The  living  S.  scrofa  occurs  in  the  Forest-bed  of  the  Eastern 
Counties;^  and  S.  antiquus  q^alceochoenis  have  been  recorded  from  the  Red  Crag. 

1.  Sus  ANTIQUUS,  Kaup.^  Up.  miocene,  Eppelsheim. 

A species  frequently  larger  than  6”.  erymanthius,  and  with  relatively  larger  canines, 
and  thicker  lower  premolars  : pm.  l is  present  in  some  instances. 

*2.  Sus  ARVERNENSis®  (Cr.  and  Job.).  Up.  pliocene,  France. 

Aper  arvernensis,  Cr.  and  Job. 

An  imperfectly  determined  species,  smaller  than  S.  scrofa. 

*3.  Sus  CH^ROiDES,^  Pom.  Up.  miocene,  Em’ope. 

■S',  africanus  {larvatus')  .?  Blain.  } S.  antediluvianus,  Kaup  {in  parte). 

A species  smaller  than  6'.  scrofa ; said  to  resemble  6'.  africanus ; it  is  suggested  by 
Gervais®  that  it  may  be  the  same  as  .S',  antediluvianus^  or  .S',  palasochoerus  : the  former 
species  as  being  an  extremely  uncertain  one  is  provisionally  included,  although 
Kaup’s  name  has  the  priority.  The  last  molars  are  relatively  short. 

4.  Sus  CH^ROTHERiUM,  Blain.^  Mid.  miocene,  France. 

S.  (.^)  doati,  Lart.  6'.  siniorrensis,  Lart.  {teste  Gervais). 

A species  varying  in  size,  according  to  Gervais,  from  that  of  S.  scrofa  to  .S',  erymanthius  : 
its  canines  are  relatively  large,  and  its  molars  approach  those  of  Hyotherium. 

5.  Sus  ERYMANTHIUS,®  Roth.  and  Wagn.  Pikermi  group. 

A species  considerably  larger  than  6'.  scrofa,  with  extremely  small  canines : pm.  i 
generally  absent  in  both  jaws. 

*6.  Sus  LOCKHARTi,®  Pom.  Mid.  miocene,  France. 

6'.  belsiacus,  Gerv. 

An  ill-defined  species  of  about  the  same  size  as  .S',  palcoochoerus,  with  which  its  molars 
agree  in  general  characters  : these,  according  to  Prof.  Gaudry,  approach  those  of 
Hyotherium.  It  is  considered  probable  by  Gervais^®  that  the  so-called  -S',  belsiacus  is 
the  young  of  this  species. 

*1 . Sus  MAJOR,"  Gerv.  Mt.  Lebdron  group. 

A species  at  least  as  large  as  S.  erymanthius ; from  which  it  is  only  distinguished  by 
the  absence  of  the  protuberance  over  the  upper  canine  : pm.  i absent  in  both  jaws  : 
it  is  regarded  by  Prof.  Gaudry  as  being  probably  merely  a race  of  S',  erymanthius. 

8.  Sus  PAL^OCHCERUS,^^  Kuup.  Up.  miocene,  Eppelsheim. 

An  imperfectly  determined  species,  with  which  S.  choeroides  should  possibly  be  united. 
The  molars  are  smaller  than  those  of  S.  scrofa : in  the  small  talons  of  the  last  of 
the  series,  and  in  the  stout  premolars  it  approaches  S.  porcus. 

1 It  should  be  observed  that  here  and  elsewhere  the  present  writer  follows  Prof.  Boyd-Dawkins  Qmrt.  Journ.  6eol. 
Soc.,'  vol.  XXXVI.,  p.  395)  in  regarding  the  Forest-hed  as  pleistocene. 

2 “ Beitrage,”  pt.  IV.,  pis.  IV.,  V.  “ Oss.  Foss.  d.  Mus.  d Darmstadt,”  p.  8,  pi.  VIII. 

3 Blain  ville,  “ Osteographie,”  Genus  Sus,  pi.  IX.  4 /JjW,  and  Pom. , cited  below.  5 “ Zool.  etPal.  Fran(5.,’’p.  180. 

6 This  species  was  identified  by  Kaup  (“Beitrage,”  pt.  IV.,  p.  12,  pi.  VI.,  figs.  4,  5)  with  Hyotherium  mmmeringi-, 
and  this  identification  is  accepted  in  part  by  Peters  : the  lower  Jaw  figured  by  Kaup  {op.  cii.)  is  quite  different  from  that  of 
U.  smmmeriugi  figured  by  Peters  (pm.  i being  small  in  the  former  and  large  in  the  latterj,  and  seems  to  belong  to  Hua. 

7 Op.  cit.  Chcerotherinm  dupui,  Lart.,  is  identified  by  Gervais  in  one  place  {op.  cit.,  p.  179)  with  this  species,  and  in 
another  (p.  185)  with  Ghoeromorus  mammilaius. 

8 Gaudry,  “ Animaux  Foss,  et  Geol.  de  I’Attique,”  p.  235,  pis.  XXXVII. -IX. 

9 Pomel,  ‘ Bibl.  univ.  d.  Geneve  Archiv.,’  voL  VIII.,  p.  159.  10  Op.  cit.,  p.  180,  pi.  XXXIII.,  fig  7. 

11  Gaudry,  “ Animaux  Foss,  du  Mt.  Leberon,”  p.  42,  pis.  VII.,  VIII.  12  “Beitrage,”  pt.  IV.,  pi.  VI. 
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9.  Sus  PEiscus,  M.  de  Serd  Pleistocene,  France. 

A species  about  the  size  of  S.  scrofa,  with  which  it  agrees  in  dentition ; its  skull  is, 
however,  more  like  that  of  A.  afrkanus. 

10.  Sus  PROViNCiALis,  Gei’v.^  Low.  pliocene,  Montpellier. 

Larger  than  A.  scrofa,  with  3 like  that  of  A.  afrkanus,  with  which  it  was  identified 
by  De  Blainville : it  has  small  canines,  and  four  lower  premolars. 

11.  Sus  STEiNHEiMENSis  (Fi’aas^).  Mid.  miocene,  Germany. 

Chmvpotamus  steinheimensis,  Fraas. 

A species  considerably  smaller  than  S.  scrofa,  referred  to  the  present  genus  on  the 
authority  of  Prof.  Gaudry^  : the  molars  are  apparently  not  unlike  those  of  living 
swine. 

12.  Sus  STRozzi,®  Menegli.  Up.  pliocene,  Italy. 

A species  stated  by  Prof.  Forsyth-Major  to  present  affinities  to  A.  verrucosus. 

13.  Sus  VALENTiNi,  Filliol.®  Miocene,  France. 

Characterized  by  the  extremely  short  talon  of  m.  3 ; the  whole  length  of  this  tooth 
being  less  than  that  of  m.  2.  The  species  is  apparently  somewhat  smaller  than  S. 
andai?ianensis. 

Sus  (?)  7nastodontoides,  Blain.,  is  probably  a Sirenian,  while  S.  (?)  lemuroides, 
Blain.,  may  belong  to  the  Pachysimia.  Most  of  the  other  forms  which  have  been 
referred  to  Sus  belong  to  Ilyotherkmij  or  allied  genera. 

Distribution. — The  genus,  both  in  the  recent  and  fossil  condition,  is  entirely 
confined  to  the  Old  World,  over  which  it  appears  to  be  pretty  generally  distributed. 
In  time,  according  to  Prof.  Gaudry,^  it  made  its  first  appearance  in  the  middle 
miocene  (stage  of  Montabuzard). 

Species  1 : Sus  giganteus,  Falc.  and  Caut. 

Histoy'y  of  fossil  hidian  species. — The  earliest  notice  of  the  occurrence  of  fossil 
swine  in  the  Siwaliks  seems  to  be  one  published  in  1835  by  the  late  General  (then 

t 

Lieut.)  Sir  W.  E.  BakeF  ; in  which  the  lower  jaw  of  a species  considerably  larger 
than  the  existing  Indian  wild-boar  was  described  and  figured.  In  the  following  year 
a fuller  notice  was  published  by  Messrs.  Baker  and  Durand,®  in  which  a nearly 
complete  skull  of  a female  and  several  upper  and  lower  jaws  were  described  and 
figured.  It  was  therein  stated  that  the  authors  had  evidence  of  the  existence  of  two 
species  of  Siwalik  swine ; one  considerably  larger,  and  the  other  smaller  than 

1 “Reclierches  dans  les  Cavernes  de  L\mel-Viel,”  p.  134,  pi.  XI.  (Montpellier,  1839). 

2 Op.  eit.,  p.  177,  pis.  III.,  XXII.  Rutimeyer,  ‘ Verhand.  nat.  Ges.  Basel,’  vol.  I.,  p 517,  ef.  seq.  (1857). 

3 “ Die  Fauna  von  Steinheim,’  p.  22,  pi.  V.  (Stuttgart,  1870).  4 “ Animaux  Foss,  du  Mt.  Leberon,”  pp.  45-6. 

5 Forsyth- Major,  ‘ Proc.  Verb.  Soc.  Tosc.  Sci.  Nat.,’  vol,  II.,  1881,  p.  22:  the  writer  has  not  seen  a full 
description  of  this  species. 

6 ‘ Bull.  Soc.  Philom.,’  vol.  VI.,  1882,  p.  123. 

7 “ Les  Enchainements— Mam.  Tert.,”  p.  5.  It  is  possible  that  the  subsequently  described  S.  valentini  may  belong  to  a 
lower  stage. 

' 8 ‘ Journ.  As.  Soc.  Beng.,’  vol.  IV.,  p.  668,  pi.  XLVTI.,  fig.  20. 

9 lUd,  vol.  V.,  p.  661.,  pis.  XXXV.  and  XLFV. 


SIWALIK  AND  NARBADA  BUNODONT  SUINA. 


19—53 


S.  cristatus.  No  specific  name  was,  however,  assigned  to  either  form,  although  both 
were  considered  specifically  distinct  from  the  living  swine  of  India.  A large 
number  of  the  remains  of  Siwalik  swine  were  subsequently  figured  by  Falconer  and 
Cautley  in  the  “Fauna  Antiqua  Sivalensis”“  and  were  referred  to  three  species, 
namely,  S.  gfiganteus,  jS.  hysiidrictis,  and  S.  (BippoJnjus)  sivalensis.  No  descriptions  of 
these  species  were,  however,  ever  published,  and  their  identification  accordingly  rests 
solely  on  the  figures.  The  remains  figured  in  that  work  under  the  first  name  belong 
to  at  least  two  species  ; and  it  appears  that  the  first  published  occurrence  of  the 
name  is  in  that  work.  A skull  of  a large  pig  from  the  Siwaliks  was  briefly  mentioned 
at  a later  date  by  the  present  writer  under  the  first  name,  but  is  referred  below  to  a 
new  species. 

Type  cranium. — The  specimen  which  the  writer  thinks  it  best  to  take  as  the  type 
of  the  present  species  is  the  very  perfect  cranium  from  the  Siwalik  Hills  represented 
(I-)  in  plate  LXIX.,  figs.  1,  la,  lb,  Ic,  of  the  “ F.A.S.,”  and  now  preserved  in  the 
British  Museum  (No.  15,385).  It  is  noticed  in  the  description  of  the  plate  in  the 
following  words,  viz. : — “ The  zygomatic  arches  are  perfect.  There  are  three  molars 
on  either  side,  and  also  the  last  premolar.  The  specimen  is  broken  off  in  front  of 
the  last  premolar.  The  extreme  distance  between  the  zygomata  is  much  greater 
than  in  B.  cristatus.  The  sub-orbital  foramina  are  large,  and  the  bone  is  deeply 
channelled  in  front.”  The  most  striking  feature  in  the  skull,  which  is  considerably 
larger  than  that  of  8.  cristatus,  is  the  excessive  width  of  the  zygomatic  arches ; the 
anterior  root  of  which  bends  out  very  suddenly  from  the  maxilla.  The  vertical 
height  above  m.  3,  and  at  the  occiput,  is  considerably  greater  than  in  8.  cristatus  and 
8.  scrofa ; and  the  facial  profile  is  straighter  than  in  the  former,  and  ascends  more 
rapidly  towards  the  occiput  than  in  either.  The  temporal  fossae  encroach  much 
more  extensively  on  the  parietals,  making  the  superior  surface  of  those  bones  at  the 
pre-occipital  contraction  much  narrower.  The  orbits  are  relatively  smaller  ; and 
the  palate  extends  much  farther  behind  m.  3 than  in  either  of  the  two  living  species. 
The  fronto-parietal  region  is  markedly  convex,  the  concavity  in  front  of  the 
orbit  being  dee23  and  broad  behind  : and  the  complete  skull  must  evidently  have  been 
relatively  short,  and,  therefore,  very  different  from  that  of  8.  scrofa.  The  molars 
of  this  specimen  are  much  worn  ; and  their  distinctive  characters  will  be  noticed 
below.  The  great  zygomatic  width  of  this  specimen  indicates  that  it  probably 
belonged  to  a male ; while  the  worn  condition  of  the  molars  shows  that  it  belonged 
to  a very  old  individual.  It  probably  indicates  a full-sized  example  of  the  species. 

Second  specimen. — In  figs.  2,  2a  of  the  same  plate  of  the  “ F.A.S.”  there  is 
represented  (|-)  the  anterior  portion  of  another  Siwalik  cranium  in  the  British  Museum 
(No.  16,166),  showing  the  last  five  cheek-teeth  in  a less  worn  condition.  This 
specimen  agrees  very  closely  in  general  contour  with  the  last : the  zygomatic  arches 
are,  however,  slightly  less  prominent,  and  the  molar  series  somewhat  longer : the 
latter  point  causing  the  prolongation  of  the  palate  behind  m.  3 to  be  somewhat  less. 

1 Plates  LXIX. -LXXI. 

F 
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These  slight  variations  are  not,  however,  more  than  those  due  to  differences  in  the 
age  or  sex  of  the  specimens.  This  specimen,  although  the  tip  of  the  nasals  is 
wanting,  shows  that  the  facial  portion  was  relatively  shorter  in  comparison  with  the 
fronto-parietal  portion  than  is  the  case  with  S.  8crofa\  thereby  indicating  affinity 
with  8.  cristatus  and  its  allies,  and  showing  that  the  cranium  is  of  quite  a different 
type  from  that  of  S.  harhatus. 

In  the  following  table  the  dimensions  of  the  two  specimens’  described  above  are 
comjDared  with  those  of  a male  skull  of  S.  cristatus  in  the  writer’s  possession ; viz. : — 


S.  giganteus. 

^ 

No.  15,385.  No.  16,166. 

S cristatus. 

Extreme  zygomatic  width  .... 

8-5 

6-2 

Width  at  post-orbital  processes  .... 

51 

4-25 

,,  ,,  infra -orbital  foramina 

2-2 

2-2 

,,  ,,  narrowest  part  of  parietals  . 

1-08 

1-8 

Height  of  occiput 

6-55 

5-1 

,,  ,,  foramen  magnum  .... 

0-9 

0-77 

Width  ,,  ,,  ,,  .... 

1-0 

0-8 

Long  diameter  of  condyle  .... 

1-6 

1-2 

Interval  between  foramen  magnum  and  palate 

3 8 

3-25 

Height  at  infra-orbital  foramen 

5-4 

50 

3-9 

Width  of  palate  posteriorly  .... 

1-7 

1-6 

1-3 

,,  ,,  ,,  anteriorly  .... 

1-5 

1-4 

1-35 

Greatest  diameter  of  orbit  .... 

1-35 

16 

Length  of  three  true  molars  .... 

3-2 

3-7 

2 9 

,,  ,,  four  last  cheek-teeth 

3-8 

4-25 

3-42 

M M ft  it  it 

5-1 

3-95 

Width  of  intermolar  space  at  m.  2 

1-4 

1-41 

The  remarkable  narrowness  of  the  intermolar  space  in  the  fossil  form  is  well 
exhibited  by  these  dimensions. 

Upper  dentition. — The  right  upper  cheek-dentition  of  the  second  of  the  two 
skulls  is  represented  of  the  natural  size  in  plate  XI.,  fig.  2 of  the  present  volume.^ 
It  is  in  a well-worn  condition,  and,  therefore,  indicates  a fully  adult  animal ; and 
agrees  precisely  with  the  dentition  of  the  type  cranium.  The  talon  of  m.  3 is 
comparatively  short ; and  is  more  like  the  corresponding  part  of  the  tooth  of  8. 
harhatus  and  8.  vittatus  than  that  of  8.  cristatus  and  8.  scrofa.  The  crowns  of  the 
molars  are  relatively  low,  and  the  pattern  formed  on  their  worn  surfaces  is 
comparatively  simple : the  length  of  m.  3 slightly  exceeds  the  united  lengths  of  the 
two  preceding  teeth ; and  the  whole  of  the  molars  are  relatively  wider  than  in 
8.  cristatus^  and  other  Asiatic  pigs.  The  last  premolar  (pm  4)  is  relatively  short 
antero-posteriorly,  but  this  may  be  an  accidental  character : both  its  inner  and  outer 
halves  are  relatively  largely  develoj^ed.  The  j)enultimate  premolar  (pm.  3 j is 
relatively  a much  wider  and  stouter  tooth  than  in  existing  pigs ; the  width  of  its 
anterior  portion  being  nearly  the  same  as  that  of  m.  1,  instead  of  very  much  less. 
This  unusual  width  is  caused  by  the  great  development  of  the  outer  moiety  (a)  of 

1 The  dimensions  of  these  specimens  are  taken,  with  some  corrections,  from  those  given  in  the  “Palaeontological 
Memoirs.” 

2 Also  represented  of  half  the  natural  size  in  pi.  LXIX.,  fig.  2h  of  the  “ F.A.S.” 
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the  tooth,  which  forms  a stout  elongated  cone,  instead  of  a flattened  ridge  as  in 
existing  Asiatic  pigs. 

In  plate  LXXI.,  fig.  12  of  the  “ F.A.S.”  there  is  represented  a fragment  of  a 
maxilla  of  a large  Shvalik  pig,  now  in  tlie  British  Museum,  containing  the  three  true 
molars  in  a rather  earlier  stage  of  wear  than  those  of  the  last  specimen.  The 
characters  of  these  teeth  are  precisely  similar  to  those  of  the  latter,  although  their 
size  is  slightly  less  : the  length  of  ui  •')  being  very  nearly  equal  to  that  of  the  two 
preceding  teeth.  There  can  be  no  hesitation  in  referring  this  specimen  to  the 
present  species.  A fragment  of  another  maxilla,  containing  pm  4 and  m.  1, 
represented  in  fig.  16  of  the  same  plate,  and  likewise  in  the  British  Museum,  may  in 
all  probability  be  referred  to  the  same  species  : pm.  4 is  here  of  average  length,  but 
has  its  inner  moiety  much  more  developed  than  in  existing  Asiatic  pigs. 

The  following  table  exhibits  the  dimensions  of  the  cheek-teeth  of  the  two 
crania,  and  the  first  of  the  two  maxillae  : the  figures  in  the  first  column  refer  to  the 
type  cranium,  those  in  the  second  to  the  cranium  of  which  the  dentition  is 
represented  in  plate  XI.,  fig.  2,  and  those  in  the  third  to  the  detached  maxilla.  The 
fourth  column  gives  the  corresponding  dimensions  of  the  cheek-teeth  of  S.  cristatus ; 
viz. : — 


S.  giganteus. 

S.  cristatus 

Length  of  three  true  molars 

3-2 

3-75  3-2 

2-9 

)) 

)) 

m.  1 and  m.  2 

1-72 

1-45 

) P 

)) 

pm.  4 . . . 

0-7 

0-7 

0-52 

Width 

M 

>>  >>  • • 

0-9 

0-8 

0-55 

Length 

)P 

m.  1 , 

0-62 

0-7 

0-62 

Width 

PP 

PP  py  • • 

0-82 

0-92  0-76 

0-6 

Length 

PP 

„ 2 . . . 

0-91 

1-16  1-0 

0-84 

Width 

P* 

PP  PP  • • 

1-08 

1-0  0-9 

0-7 

Length 

PP 

„ 3 . . . 

1-7 

1-9  1-6 

1-58 

Width 

Pf 

PP  PP  • • • 

1-21 

1-22  1-0 

0-82 

These  dimensions  clearly  show  the  proportionately  greater  width  of  the  molars 
of  the  fossil,  when  compared  with  those  of  the  living  form.  As  there  is  another 
palate  specimen  in  the  British  Museum,  in  which  the  teeth  are  similar  to  those  of 
the  type  cranium,  it  may  be  safely  assumed  that  the  dimensions  given  represent  the 
average  size  of  the  cheek-teeth  of  the  species. 

Mandible. — As  is  always  the  case  where  there  are  several  allied  species  of  a 
genus  to  deal  with,  there  is  some  difficulty  in  assigning  its  proper  mandible  to  the 
present  species.  Several  Siwalik  mandibles  are  figured  in  the  “ F.A.S.”  under  the 
name  of  S.  giganteus,  but  they  will  all  be  shown  in  the  sequel  to  belong  to  other 
species.  It  may  be  observed  that  the  following  points  occur  in  the  upper  and  lower 
dentition  of  existing  species  of  pigs,  which  may  be  taken  as  guides  in  associating 
fossil  specimens  of  the  upper  and  lower  dentition  : — Firstly,  the  pattern  on  the  worn 
surface  of  the  upper  and  lower  teeth  is  the  same  in  the  same  species ; secondly,  the 
relative  degree  of  development  of  the  talon  of  the  last  molar  is  the  same  in  the 
upper  and  lower  jaws,  although  this  part  is  actually  larger  in  the  latter  ; thirdly,  m.  2 
is  slightly  longer  and  considerably  wider  than  ; and,  fourthly,  that  where  the 
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length  of  m.  3 exceeds,  or  is  equal  to,  the  united  lengths  of  the  two  preceding  teeth, 
the  same  holds  good  with  regard  to  the  proportionate  length  of  mTh  and  the  united 
lengths  of  the  two  preceding  teeth.  Similarly  where  the  length  of  ui.  8 is  less  tlian 
that  of  the  two  preceding  teeth,  the  same  relation,  although  sometimes  in  a less 
marked  degree,  prevails  in  regard  to  the  length  of  the  corresponding  lower  teeth. ^ 
The  mandible  represented  in  plate  XI.,  fig.  1 of  the  present  volume  was 
collected  by  Mr.  Theobald  in  tlie  Siwaliks  of  the  village  of  Asnot,  in  the  Punjab ; 
and  from  the  structure  of  the  cheek-teeth  and  the  section  of  the  canine  evidently 
belongs  to  a species  of  SVs  of  large  size.  The  extremity  of  the  symphysis  has  been 
broken  away,  but  the  section  of  the  incisors  and  canine  still  remains  : the  latter 
indicates  a tooth  of  large  size,  with  the  characteristic  ridge  on  the  external  surface ; 
and  from  the  large  size  of  this  tooth  the  specimen  may  be  safely  referred  to  a male 
individual.  The  whole  of  the  four  premolars  were  originally  present,  but  have  been 
much  damaged  ; only  a portion  of  the  crowns  of  the  two  last  teeth  of  this  series 
now  remaining  : pru.  i is  separated  by  a considerable  interval  from  pm.  2.  The  true 
molars  of  the  left  side  are  well  preserved ; and  are  in  a medium  condition  of  wear. 
In  the  following  table  the  dimensions  of  this  specimen  are  compared  with  those  of  a 
male  mandible  of  N.  cristatus ; vis. : — 

Specimen.  S.  cristatus. 


Height  of  ramus  at  m.  2 
Vertical  height  of  symphysis  at  canine 
Width  of  intermolar  space  at  m.  2 
Length  of  three  molars 

,,  ,,  six  last  cheek-teeth 

,,  ,,  2 • 

Interval  between  pm.  I and  pm.  2 
Length  of  pm.  1 . . . . 

o 

• • • • 

Width  ,,,,,,  .... 

Length  ,,  ,,  3 .... 

Width  ,,,,,,  .... 

Length  ,,  ,,  4 .... 

Width  ,,,,,,  .... 


Length  ,,  m.  1 
Width  ,,  „ 
Length  ,,  ,,  2 
Width  „ ,,  ,, 
Length  ,,  ,,  3 

Width  „ „ 


Longer  diameter  of  canine 


It  will  be  seen  from  these  dimensions  that 


3-4 

3-0 

l'4o 

3-72 

6-6 

1-85 

0-9 

0-54 

0-77 

0- 31 

1- 19 
0-79 
0-99 
0-9 
0-72 

0- 7 

1- 1 

0- 9 

1- 9 
1-09 
1-22 

mTI  and 


m.  2 


2-0 

2-1 

1-55 

3- 1 

4- 6 
1-45 
0-5 
0-29 
0-51 
0-28 
0-57 
0-3 
0-6 
0-4 
0-65 
0-59 
0-88 

0- G 

1- 65 
0-7 
0-91 

of  the  fossil  are 


relatively  wider  than  in  the  recent  jaw  ; and  that  although  the  length  of  m.  3 in  the 
former  exceeds  the  united  lengths  of  the  two  preceding  teeth,  yet  that  such  excess  is 
relatively  less  than  in  the  latter.  The  same  points  distinguish  the  upper  jaw  of 
S.  giganteus ; and  if  the  dimensions  of  the  two  series  of  lower  teeth  given  above  be 
compared  with  those  of  the  upjier  molars  of  S.  giganteus  figured  in  plate  XI.,  and 
those  of  S.  cristatus  given  in  the  last  column  of  the  table  on  page  56,  it  will  be 


1 These  comparisons,  as  is  noted  below,  should  always  be  made  between  teeth  in  nearly  the  same  stage  of  detrition. 
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found  that  the  upper  and  lower  teeth  of  the  two  fossil  jaws  bear  the  same  proportion 
to  one  another,  as  obtains  between  the  corresponding  teeth  of  the  existing  species. 
The  molar  teeth  of  the  mandible  under  consideration  agree,  moreover,  in  absolute 
size  with  those  of  S.  giganteus  figured  ip  plate  XI.,  the  length  of  m.  2 being  almost 
exactly  the  same  size  in  both  (1T6,  IT)  ; while  in  the  lower  jaws  the  pattern  formed 
on  the  worn  surfaces  of  the  molars  is  as  simple,  and  the  crowns  of  the  molars  are  as 
low  as  in  the  upper  jaw:  the  length  of  m.  3 also  exceeds  to  a small  extent  the  united 
lengths  of  the  two  preceding  teeth ; and  the  talon  of  the  former  tooth  is  of  relatively 
simple  structure.  The  fossil  lower  jaw  also  agrees  with  the  cranium  of  N.  giganteus 
in  having  the  intermolar  space  absolutely  less  than  in  the  smaller  jaws  of  S.  cristatus. 
All  these  points  indicate  very  strongly  that  the  mandible  under  consideration  belongs 
to  the  same  species  as  the  crania  described  above  ; and  when  to  these  is  added  the 
peculiar  structure  of  the  premolars  of  the  former  the  probability  that  this  association 
is  correct  is  rendered  very  strong  indeed.  An  inspection  of  fig.  2 of  plate  XI.  will 
show  that  the  mandible  under  consideration  exhibits  some  very  remarkable  features 
in  the  structure  of  its  premolars,  which  are  unknown  in  any  other  species  of  the 
genus.  Thus  the  first  and  second  of  these  teeth,  judging  from  their  broken  bases, 
appear  to  have  been  similar  to  those  of  other  pigs  : pm.  3,  however,  in  place  of  being 
a narrow  cutting-tooth  inserted  only  by  two  fangs,  as  is  the  case  in  existing  pigs, 
has  a stout  triangular  crown  with  the  apex  situated  anteriorly,  inserted  by  three 
distinct  fangs,  as  is  well  seen  in  the  left  ramus.  The  fourth  premolar  (pm.  4)  is  also 
a much  wider  tooth  than  in  existing  pigs ; the  width  of  its  posterior  half  considerably 
exceeding  that  of  mTl,  instead  of  being  narrower:  it  is  probable  that  the  two  hind 
fangs  of  this  tooth  were  more  distinctl}^  separated  than  in  existing  pigs.  Now  since  it 
has  been  shown  that  pm-  3 and  pm.  4 of  S.  giganteus  are  wider  and  stouter  than  the 
corresponding  teeth  of  most  existing  pigs,  it  is  pretty  certain  that  the  homologous  lower 
teeth  of  that  species  would  likewise  have  been  abnormally  large.  It  is  true  that  the 
two  upper  premolars  of  N.  giganteus  represented  in  plate  XI.  are  proportionately 
rather  too  short  to  correspond  exactly  with  the  homologous  teeth  of  the  present 
specimen ; but  it  is  probable  that  pm.  4 is  abnormally  short  in  that  cranium,  and  it 
is  quite  possible  that  the  specimen  may  belong  to  a female  individual.  The  rami  of 
the  present  mandible  indicate  an  animal  of  great  strength  of  jaw;  which  is  also  a 
character  in  harmony  with  the  characters  of  the  type  cranium  : the  inferior  border  of 
the  symphysis  of  the  mandible  seems  to  have  been  much  elongated.  Should  future 
discoveries  eventually  ju’ove  that  the  provisional  reference  of  the  mandible  under 
consideration  to  S.  giganteus  is  incorrect,  it  will  then  follow  that  that  specimen 
belongs  to  a new  species. 

The  structure  of  the  two  last  preniolars  of  the  present  sj)ecimen  is  precisely 
similar  to  that  of  the  corresponding  teeth  of  Tetraconodon^ ; the  only  difference  being 
that  their  size  in  relation  to  that  of  the  true  molars  is  proportionately  much  less. 

1 Vide  mprci^  vol.  I.,  pL  X. 
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The  simple  structure  of  the  true  molars  of  the  present  s})ecimen  is  also  but  one  step 
in  advance  on  Tetraconodon,  where  the  columns  form  completely  distinct  cones, 

Specific  clistinctncss  and  affimitics. — The  foregoing  comparisons  and  measurements 
have  sufficiently  indicated  the  specific  distinctness  of  the  present  form  from  S.  scrofa^ 
S.  cristatus,  and  S.  harhatas ; and  it  cannot  be  identitied  with  any  other  existing 
Asiatic  species ; from  all  of  Avhich,  putting  aside  mandibular  characters,  it  is 
distinguished  by  its  superior  size,  and  the  relath'ely  large  development  of  pm.  3 and 
pm.  4.  In  the  African  S.  porcus  the  hinder  premolars  are  stouter  than  in  S.  scrofa 
and  existing  Asiatic  pigs,  but  pm.  3 is  narroAA^er  than  in  the  crania  under  consideration  ; 
and  the  last  molar  shorter  in  proportion  to  the  preceding  teeth.  In  the  form  of 
the  cranium  tlie  fossil  has  been  shown  to  be  nearer  to  iS*.  cristatus  and  its  allies  than 
to  S.  scrofa  : the  species  coming  nearest  to  it  in  this  respect  being  /S.  vittatusi^  in 
which  the  shortness  and  height  of  the  cranium  are  especially  Avell  marked,  the 
palate  extending  a considerable  distance  behind  m.  3^  and  that  tooth  having  a rather 
shorter  talon  than  in  S.  cristatus.  In  both  the  recent  and  fossil  crania  the  form  of 
the  pre-orbital  conca\dty  is  A^ery  similar,  and  the  anterior  border  of  the  orbit  extends 
as  far  forwards  as  the  middle  of  m.  3.  The  recent  cranium,  besides  its  inferior  size, 
is  readily  distinguished  by  its  less  prominent  zygomatic  arches,  smaller  occipital  height, 
and  smaller  pm.  3 and  pm.  4y  In  S.  verrucosus  and  S.  celehcnsis  the  cranium  is  somewhat 
similar  in  shape  to  that  of  S.  vittatus^  but  the  length  is  generally  proportionately 
greater  to  the  height,  and  the  talons  of  the  last  molars  are  of  rather  more  complex 
structure.®  The  characters  of  the  inferior  premolars  of  the  mandible  proAusionally 
referred  to  the  present  species  are  quite  distinct  from  those  of  any  existing  species. 
Of  the  fossil  species  giA^en  on  the  list  on  pages  51,  52,  the  only  ones  Avhich  can 
compare  in  size  Avith  tlie  present  form  are  8.  choerotherium^  8.  provincialis,  8.  antiquus,  8. 
crymantliius.,  and  8.  major.  The  tAvo  latter,^  Avhich  Prof.  Gaudry  thinks  are  probably 
merely  A'^arieties  of  the  same  species,  are  readily  distinguished  by  the  form  of  the 
cranium,®  Avhich  is  of  an  elongated  type  someAvhat  like  that  of  8.  harhatus^  AAnth  the  orbit 
entirely  behind  m.  3,  and  Avith  a very  slight  parietal  constriction.  The  iq^per  molars  of 
the  Siwalik  species  are,  as  Prof.  Gaudry  remarks,’^  relatively  Avidcr ; Avhile  in  the 
European  species  the  length  of  m.  3 is  considerably  less  than  the  united  lengths  of  the  tAvo 
preceding  teeth  : pm.  3 of  the  latter  is  also  much  narroAver  than  in  the  Siwalik  species. 
The  mandible  provisionally  referred  to  the  latter  is  distinguished  from  the  mandibles 
of  the  European  forms  by  its  much  larger  canine,  the  presence  of  pm.  1,  and  the  peculiar 
form  of  pm.  3 and  pm.  4 ; as  well  as  b}^  the  length  of  m.  3 exceeding  the  united 
lengths  of  the  two  preceding  teeth,  the  reverse  condition  preA^ailing  in  the  European 
mandibles,  although  less  markedly  in  the  specimen  figured  under  the  name  of 

1 Skull  figured  by  Gray,  “Hand-List  of  Edentate,  Thick-skinned,  and  Ruminant  Mammals  in  the  British  Museum,” 
pi.  XXIV.,  fig.  3 [Aulochcertts  viiialm). 

2 In  S.  vittatm  the  length  of  m, 3 is  usually  less  than  that  of  m,  t and  nn2.  3 Eolleston,  op.  cit.,  pp.  267,  274. 

4 Vide  Gaudry,  “Animaux  Foss,  et  Geol.  de  I’Attique,”  p.  235,  pis.  XXXVII. -IX.;  and  “ Animaux  Foss,  du  Mt. 
Leberon,”  p.  42,  pi.  VIII. 

5 Compare  “ F.A.S.,”  pi.  LXIX.,  figs.  1,  16,  with  Prof.  Gaudry’s  figm-es. 

6 Eolleston,  op.  cit.,  pi.  XLIII.,  fig.  7.  7 “ Animaux  Foss,  et  Geol.  de  I’Attique,”  p.  242. 
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S.  erymanthim  than  in  that  named  N.  major.  In  N.  antiquusj  which  is  apparently  only 
known  by  the  mandible,  the  length  of  mTS  is  less  than  the  united  lengths  of  the  two 
preceding  teeth,  and  it  is,  therefore,  to  be  presumed  that  the  same  relation  held  good 
in  the  upper  jaw:  the  lower  molars  are  of  the  elongated  form  of  those  of  S. 
erymantliiiis.  The  hinder  lower  premolars  of  B.  antiquus  are  quite  different  from  those 
of  the  mandible  figured  in  plate  XI.;  and  it  is  probable,  as  will  be  shown  under  the 
head  of  the  next  species,  that  the  canine  was  relatively  smaller.  8.  provincialis^  is 
of  smaller  size,  and  is  readily  distinguished  by  the  extreme  smallness  of  the  talon  of 
m.  : in  the  lower  jaw  the  united  length  of  m.  i and  m72  exceeds  that  of  m.  3,  and 
the  last  premolars  are  not  of  the  peculiar  form  of  those  figured  in  plate  XI.  The 
molars  of  8.  clicerotherimif  are  frequently  of  much  smaller  size,  and  the  columns  are 
of  more  simple  structure. 

It  thus  appears,  irrespective  of  the  question  whether  the  mandible  be  rightly 
associated  with  the  crania,  that  the  present  large  Siwalik  pig  cannot  be  identified 
with  any  other  named  form,  and  is,  therefore,  entitled  to  specific  distinction.  ITe 
remarkable  resemblance  existing  between  its  cranium  and  that  of  the  Javan  8. 
vittatus.,  coupled  with  the  fact  that  the  talon  of  the  last  molar  of  the  latter  is  rather 
less  complex  than  in  8.  cristahis,  and  that,  according  to  Prof.  Rtitimeyer,  its  molars 
are  relatively  wider,  and  its  hinder  premolars  decidedly  stouter  than  in  8.  se7^ofa, 
renders  it  not  improbable  that  the  Javan  species  may  be  the  lineal  descendant  of  the 
larger  Siwalik  species.  The  existing  species  has  lost  the  wide  pm.  3 characteristic  of 
the  latter ; as  well  as,  if  the  fossil  mandible  be  rightly  determined,  the  large  and 
wide  last  lower  premolars.  Force  is  added  to  this  suggestion  from  the  circumstance 
that  other  Siwalik  mammals  find  their  existing  representatives  in  the  Malayan 
region  : thus  Ilemihos  is  represented  by  the  living  anoa  of  Celebes,  P alceopitliecus  by 
the  orangs  of  Borneo,  and  Rhinoceros  sivalensis  by  the  small  one-horned  rhinoceros  of 
Java  and  the  eastern  side  of  the  Indian  region. 

The  cheek-dentition  of  the  mandible  figured  in  plate  XI.  indicates  very  clearly 
that  the  species  of  8us  to  which  it  belonged  was  intimately  related  to  Tetraconodon  ; 
and  that  the  two  had  a common  origin  at  a comparatively  recent  geological  epoch. 

DisRibiiUon. — If  the  specimens  described  above  be  rightly  associated,  the  range 
of  the  present  species  extended  from  the  typical  Siwalik  Hills  to  the  Punjab.^ 

Species  2 : Sus  titan,  n.  sp.,  nohis. 

History. — The  name  of  this  species  is  mentioned  here  for  the  first  time ; the 
specimens  on  which  it  is  founded  having  been  hitherto  referred  to  the  last  species.® 

1 Kaup,  “ Beitriig'e,”  pt.  IV.,  pis.  IV.,  V. 

2 Gervais,  “ Zool.  et  Pal.  Fraii9.,”  2nd  ed.,  pi.  III.,  figs.  1-6,  pi.  XXII.,  fig-.  8. 

3 Blainville,  “ Osteographie,”  Genus  Sus,  pi.  IX. 

4 It  has  been  elsewhere  stated  that  the  species  occurs  in  the  Narhadas : the  mandible  on  which  that  statement  rests 
belongs,  however,  to  another  species. 

5 On  page  81  of  the  Xth  volume  of  the  ‘Records’  a portion  of  the  left  maxilla  of  a large  hunodont  artiodactyle  was 
described  by  the  present  writer  under  the  name  of  U ippopotamodon  sivalense.  It  contains  two  teeth  which  were  assumed  to  he 

and  np_3.  Subsequent  examination  has  shown  that  the  specimen  really  belongs  to  the  present  species  of  m.  .s  being 
absent  by  an  abnormality  : the  teeth  at  first  regarded  as  m-  2 and  m.  3 are  really  m.  1 and  m-  2.  The  specimen  is  now  in  the 
Indian  Museum  (No.  B.  7). 
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Mandible. — As  it  is  to  great  extent  on  the  characters  of  the  mandible  that  the 
present  species  is  distinguished  from  the  last,  it  Avill  be  well  to  commence  with  the 
description  of  that  part.  It  is  unfortunate  that  there  is  such  an  element  of 
uncertainty  as  to  whether  the  mandible  figured  in  plate  XL  really  belongs  to  S. 
giganteus,  since  there  is  no  doubt  of  the  distinctness  of  the  mandible  of  the  present 
form  from  that  specimen.  Putting,  however,  that  specimen  on  one  side,  there  are 
characters  in  the  mandible,  and  other  remains  of  the  present  form,  which  appear  to 
leave  but  little  doubt  of  its  specific  distinctness  from  S.  giganteus^  assuming  that 
species  to  be  founded  on  characters  of  the  cranium  alone. 

In  figure  4 of  plate  VII.  there  is  represented  the  cheek-dentition  of  a portion  of 
the  right  ramus  of  the  inaudible  of  a large-sized  pig  collected  by  Mr.  Theobald  in  the 
Siwaliks  of  the  Potwar  district  of  the  Punjab.  The  four  last  teeth  are  still  remaining, 
and  are  in  beautiful  preservation.  In  advance  of  {ImTI  there  remain  the  fangs  of  pm.  3 ; 
the  last  molar  is  unworn,  the  two  preceding  teetii  being  in  an  intermediate  condition  of 
wear.  It  will,  perhaps,  be  simplest  to  commence  by  contrasting  this  mandible  with 
the  one  figured  in  plate  XI.  In  the  first  place,  the  molar  teeth  of  the  two  have  a 
somewhat  similar  general  structure,  the  pattern  formed  on  their  worn  surfaces  being 
a simple  one  ; but  the  proportionate  size  of  the  three  teeth  is  very  different  in  the 
two.  Thus  in  the  present  jaw  the  united  length  of  the  three  molars  exceeds  that  of 
the  corresponding  teeth  of  the  other  jaw ; the  length  of  mTS  is,  however,  nearly  the 
same  in  the  two,  though  the  width  of  that  tooth  is  greater  in  the  jDresent  specimen  : 
the  smaller  proportionate  length  of  m.  3 in  the  latter  is  caused  by  its  smaller  talon, 
the  portion  behind  a being  shorter  than  that  between  a and  e,  while  the  reverse 
is  the  case  in  the  other  specimen.  The  first  and  second  molars  (m.  1 and  m 2)  of 
the  present  jaw  are  much  longer  than  in  the  other  jaw;  their  united  length  being 
greater,  instead  of  less,  than  that  of  m73 : the  former  teeth  are  also 
proportionately  narrower  in  the  present  specimen,  as  is  well  seen  in  m.  1 which 
is  an  elongated  tooth,  with  its  length  considerably  exceeding  the  width  of  m.  2, 
as  in  existing  pigs ; whereas  in  the  other  jaw  the  length  of  this  tooth  is  less  than 
the  width  of  m.  2.  Precisely  similar  relations  obtain  between  the  length  of  m.  2 
and  the  width  of  the  last  molar.^  As  far  as  can  be  judged  from  the  slightly 
different  stages  of  wear  of  the  two  specimens,  it  appears  that  the  columns  of  m.  3 
are  relatively  higher  in  the  present  specimen  (a  view  of  the  inner  surface  of  this  tooth  is 
given  in  plate  VII.,  fig.  10),  Coming  to  tlie  premolars,  it  will  be  seen  that  pm.  4 is  a 
relatively  smaller  tooth  than  in  the  jaw  figured  in  plate  XI.,  and  has  not  the  great 
lateral  expansion  at  its  posterior  extremity  so  characteristic  of  the  latter ; this 
tooth  in  the  jaw  under  consideration  exhibits,  however,  a large  column  {a)  on  the 
inner  side,  which  is  not  present  in  existing  pigs.  The  broken  base  of  pm.  3 shows 

1 It  may  be  observed  that  in  many  species  of  Sus,  especially  those  with  taller  and  more  complex  molars,  the  first  and 
second  molars  when  very  much  worn  become  abnormally  short,  owing  to  the  pressure  of  the  adjacent  teeth.  As,  however,  the 
lower  teeth  represented  in  pi.  XI.,  and  the  upper  teeth  of  S.  giganteiis  represented  in  fig.  12  of  pi.  LXXI.  of  the  “ F.A.S.” 
(which  have  the  same  proportions  as  those  in  pi.  XI.  of  this  volume)  are  in  the  same  stage  of  wear,  which  is  only  a degree 
beyond  that  of  the  lower  teeth  represented  in  pi.  XI.,  no  vitiation  of  the  comparisons  can  occur  from  this  source.  The 
molars  of  all  these  specimens  retain  their  original  length. 
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that  this  tooth  was  inserted  only  hy  two  fangs,  and  was,  therefore,  quite  unlike  the 
corresponding  tooth  of  the  mandible  figured  in  plate  XI.  The  vertical  height  of  the 
present  specimen,  as  well  as  its  width,  is  considerably  less  than  that  of  the  latter. 
The  sex  of  the  specimen  under  consideration  cannot  be  certainly  determined,  but  from 
the  characters  of  a specimen  described  below  it  not  improbably  belongs  to  a female. 

In  figure  1 of  plate  VIII.  there  is  represented  a fragment  of  the  right  ramus  of 
a similar  mandible,  collected  by  Mr.  Theobald  in  the  Punjab,  containing  pm.  4,  m.  1, 
and  m.  2,  in  a somewhat  less  worn  condition  than  in  the  last  specimen.  Tlie  section 
of  the  root  of  the  canine  in  this  specimen  indicates  that  it  belonged  to  a male 
individual,  like  the  jaw  figured  in  plate  XI.;  the  true  molars  are  precisely  the  same 
as  in  the  specimen  represented  in  plate  VII.,  fig.  4,  but  pm.  4 is  rather  wider  : the 
roots  of  pmTfi  are  not  exhibited. 

There  is  a third  specimen  in  the  Indian  Museum  (No.  B.  358)  precisely  similar 
to  the  one  represented  in  plate  VII.;  and  a fourth  in  the  Museum  of  the  Royal 
College  of  Surgeons  (No.  1805);  both  of  which  specimens  were  collected  from  the 
Siwaliks  of  the  Punjab  by  Mr.  Theobald. 

From  the  foregoing  comparisons  (as  well  as  from  the  dimensions  given  below) 
there  seems  no  doubt  of  the  specific  distinction  of  the  specimens  under  consideration 
from  the  mandible  figured  in  plate  XI.,  irrespective  of  the  question  to  what  species 
that  specimen  belongs. 

With  regard  to  the  crania  of  S.  giganteiis^  it  is  tolerably  clear  from  the 
considerations  advanced  under  the  head  of  that  species  that  the  lower  molars  were 
probably  of  the  proportions  of  those  of  the  mandible  represented  in  plate  XI.,  and, 
therefore,  that  the  mandibles  under  consideration  do  not  belong  to  that  species. 
The  first  and  second  molars  of  these  mandibles  are  of  the  elongated  type  of  those 
of  N.  erymanthius  and  B.  major ; and  it  may,  therefore,  be  inferred  that  the  corresponding 
upper  molars  were  likewise  of  the  type  of  those  of  the  two  last-named  species, 
which  have  already  been  shown  to  be  narrower  than  those  of  B.  giganteiis}  Since 
m.2  of  the  present  mandibles  is  about  half  as  long  again  as  m.  2 of  B.  giganteiis,  the 
former  specimens  indicate  an  animal  of  considerably  larger  size  than  the  latter. 

From  these  considerations  it  may  be  taken  that  the  present  form  of  mandible 
most  probably  indicates  a second  sjiecies  of  large  Siwalik  Bus,  with  molars  of  a simple 
structure.  The  talon  of  the  last  tooth  of  the  specimen  represented  in  plate  VII., 
fig.  4,  consists  of  a single  median  column  [a),  behind  which  there  is  a semicircular 
portion  comprising  a large  outer  (h),  and  a smaller  and  lower  inner  column  (c).  In  the 
talon  of  the  corresponding  tooth  of  B.  cristatus  and  B.  scrofa  there  is  another  column 
behind  h and  c ; and  even  in  the  simpler  tooth  of  B.  andamanensis^  the  talon  is  of  a 
more  complex  structm’e. 

The  figures  in  the  first  column  of  the  following  table  give  the  dimensions  of 
the  mandible  represented  in  jDlate  VII.,  fig.  4 ; those  in  the  second  of  the  one  in 

1 Compare  Prof.  Gaudry’s  figures  {op.  cit.)  with  plate  XI.,  fig.  2,  and  witli  pi.  LXXI.,  fig.  12,  of  the  “ F.A.S.” 

2 Vide  Rolleston,  op.  cit.,  pi.  XLIII.,  fig.  8. 
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plate  VIII.,  fig.  1 ; and  those  in  the  third  the  corresponding  dimensions  of  S.  cristaius : — 


Height  of  ramus  at  m.  2 

Present  species. 
r— 

3 0 3 1 

S.  cristatus. 

2-0 

Thickness  of  ditto 

2-0 

2-2 

1-2 

Length  of  three  true  molars 

4-45 

3T 

,,  ,,  pm.  4 

1-0 

1-0 

0-6 

Width  . 

0-76 

0-84 

0-4 

Length  ,,  m.  1 

0-97 

IT 

0 65 

Width  ,,,,,, 

0-74 

0-8 

0-59 

Length  ,,  ,,  2 

1-42 

1-49 

0-88 

Width  „ 

1-0 

1-05 

0-6 

Length  ,,  ,,  3 

2T6 

1-65 

Width  ,,,,,, 

1-2 

0-7 

It  seems  from  a broken  fragment  of  a mandible  of  a male  from  the  Punjab  in 
the  Indian  Museum  (No.  B.  8),  with  the  crowns  of  the  teeth  hammered  off,  that  pm73, 
though  a small  and  narrow  tooth  when  compared  with  that  of  the  mandible  figured 
in  plate  XI.,  apjDarently  had  the  hinder  root  divided  into  two.  This  seems  to 
indicate  that  the  jaw  represented  in  plate  VII.,  fig.  4,  is  probably  that  of  a female. 
The  vertical  diameter  of  the  canine  in  the  male  jaw  is  P22  inches. 

Oranium. — In  plate  IX.  there  is  figured  (^)  the  skull  of  a gigantic  pig  obtained  by 
Mr.  Theobald  from  the  Siwaliks  of  the  village  of  Niki,  in  the  Punjab,  which  has  been 
previously  alluded  to  by  the  present  writer  under  the  name  of  S.  giganteus}  This 
specimen  is  in  such  frail  condition  that  its  transport  to  England  was  deemed 
inadvisable,  and  the  writer  has  consequently  been  unable  to  compare  it  with  the 
crania  of  8.  giganteus^  and  cannot  give  such  full  measurements  as  he  would  desire. 
The  mandible  is  in  situ  ] and  the  chief  damage  that  the  specimen  has  sustained 
consists  in  the  loss  of  the  angle  of  the  mandible,  the  occipital  condyles,  a portion  of 
the  exoccqfitals,  and  the  tip  of  the  nasals.  The  whole  of  the  teeth  are  in  beautiful 
preservation ; but  from  the  apposition  of  the  upper  and  lower  series  they  cannot 
be  fully  examined. 

The  mandible  and  lower  molars  agree  exactly  in  general  characters  with  the 
specimen  represented  in  plate  VII.,  fig.  4;  and  the  skull  may,  therefore,  be  safely 
referred  to  the  same  species.  The  present  specimen  shows  that  pm.  1 was  present, 
and  was  separated  by  a considerable  interval  from  pm.  2,  as  in  existing  pigs.  The 
mandibular  symphysis  is  relatively  short,  with  a rapidly  ascending  inferior  border. 
The  canines  are  of  fairly  large  size,  and  indicate  that  the  specimen  probably  belonged 
to  a male.  The  upper  molars  have  the  same  length  as  the  lower ; and  the  length  of 

and  apparently  exceeds  that  of  m.  3 : pm.  1 is  present. 

Althougli  the  naso-f rental  suture  is  not  visible,  yet  it  can  be  easily  seen  that  the 
nasals  when  complete  must  have  been  shorter  than  the  fronto-parietal  portion  of  the 
cranium  ; t]ius  showing  that  the  species  was  in  this  respect  allied  to  8.  giganteus  and 
the  8.  cristatus  group,  and  quite  different  from  8.  scrofa  and  8.  harlatus.  The 
protuberance  above  the  upper  canine  is  of  about  the  same  proportionate  size  as  in 
8.  cristatus.  Comparing  the  figure  with  that  of  the  cranium  of  8.  giganteus^  it 

1 ‘ Eecords,’  vol.  X.,  pp.  81-2. 

2 “ F.  A.S.,”  plate  LXIX.,  fig.  16.  The  two  figures  are  not  drawn  in  the  same  position. 
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appears  that  the  proportionate  height  at  the  orbit  is  somewhat  less  ; the  orbit  smaller, 
and  placed  less  below  the  frontal  profile  ; and  the  interval  between  the  zygoma  and 
the  molar  alveoli  much  smaller.  The  anterior  border  of  the  orbit  extends  still 
farther  over  m.  3 in  the  present  specimen  than  in  S.  giganteus.  Although  the  occipital 
regions  of  both  specimens  are  more  or  less  damaged,  and  comparison  is,  therefore, 
difficult,  it  seems  that  the  condylar  region  was  decidedly  more  prominent  in  the  present 
specimen.  It  is  also  not  improbable  that  the  pre-orbital  concavity  of  the  latter  was 
smaller  and  shallower,  although  this  cannot  be  certainly  determined.  The  general 
form  of  the  two  crania  is,  however,  very  similar.  The  palate  of  the  present 
specimen  is  unfortunately  invisible.  The  dimensions  of  the  Niki  skull  are  as  follows, 
viz.'. — 


Length  from  supra -occipital  to  incisors 

230 

Interval  between  ditto  and  angle  of  mandible 

8 0 

Width  above  orbits 

5-4 

Tiength  of  series  of  upper  cheek-teeth 

7-3 

,,  ,,  exposed  portion  of  lower  canine 

2-5 

) ) j » ) j M ) » ) ) incisors  . 

1-4 

Long  diameter  of  upper  canine 

1-25 

Depth  of  mandible  at  m.  3 

3-3 

Width  of  mandibular  symphysis 

2-6 

Length  of  three  true  lower  molars 

4-4  (?) 

))  !>  m.i 

1.08 

))  ,,  m.  2 . 

1-4 

Interval  between  pmTI  and  pmr2 

1-1 

Detached  molars. — In  plate  VII.,  fig.  6,  there  is  represented  the  unworn  crown  of 
a third  right  upper  true  molar  of  a large  pig,  collected  by  Mr.  Theobald  in  the 
Siwaliks  of  Asnot,  Punjab,  which  from  its  large  size  and  comparatively  simple 
structm'e  may  probably  be  referred  to  the  same  species  as  the  specimens  described 
above.  The  length  of  this  tooth  is  2-43  and  its  greatest  width  I'T  inches;  and, 
judging  from  the  length  of  mTS,  it  indicates  an  individual  somewhat  larger  than  the 
one  to  which  the  mandible  represented  in  plate  VII.,  fig.  4,  belonged.  The  four 
main  columns  of  the  crown  are  bold  and  distinct,  and  separated  by  very  wide  open 
valleys  : the  accessory  columns  (a,  g,  h)  are  also  large,  and  are  restricted  to  the 
median  line.  The  talon  is  very  short,  its  whole  length  being  less  than  the  interval 
between  a and  g : it  consists  of  a central  accessory  lobe  (a),  and  of  a short  semi- 
circular portion  [h)  immediately  behind  the  latter.  A very  distinct  cingulum,  raised 
into  a number  of  cusps,  surrounds  tlie  anterior  and  inner  sides  of  the  crown,  and 
coalesces  posteriorly  with  the  talon.  The  extreme  shortness  of  the  talon  of  this 
tooth  is  in  harmony  with  the  corresponding  part  of  ih73,  and  indicates  that  the 
united  length  of  m.  1 and  m.  2 exceeded  the  length  of  the  present  tooth. 

Compared  with  of  S.  giganteus^  this  specimen  is  distinguished  by  its  vastly 
superior  size  ; its  shorter  and  wider  talon,  the  portion  c being  more  developed 
laterally  ; the  wider  and  more  open  valleys,  with  the  restriction  of  the  accessory 
columns  to  the  median  line ; and  lastly  by  the  presence  of  the  conspicuous  cingulum. 


1 Plate  XI  , %.  2,  and  “P.A.S.,’'  pi.  LXXI.,  fig.  12. 
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of  wliicli  there  is  no  trace  in  the  little-worn  tooth  of  S.  giganteus  figured  in  the 

“F.A.S.” 

In  plate  VII.,  fig.  3,  there  is  represented  a slightly  worn  and  partially  broken 
last  right  lower  true  molar,  collected  by  Mr.  Tlieobald  in  the  Potwar  district,  which 
agrees  so  closely  with  m.  3 of  the  specimen  represented  in  fig,  4 of  the  same  plate, 
that  there  seems  every  reason  for  referring  it  to  the  same  species.  This  tooth  has  a 
length  of  2 To,  and  a maximum  width  of  To  inches  ; and  it  apparently  indicates  an 
animal  still  larger  than  that  to  which  the  specimen  last  described  belonged  : its  size 
is  indeed  scarcely  inferior  to  that  of  the  corresponding  tooth  of  Hippopotamus 
ampliihius.  This  tooth  differs  from  m73  of  the  mandible  represented  in  fig.  4 of  the 
same  plate  merely  by  the  outer  portion  {!))  of  the  talon  extending  somewhat  behind 
the  inner  portion  (r) ; thus  causing  the  whole  talon  to  be  somewhat  longer. 

Limh-hones. — In  figures  I and  2 of  plate  XII.  of  this  volume  there  are  figured 
the  distal  half  of  the  left  radius  (fig.  1),  and  the  third  and  fourth  left  metacarpals 
(fig.  2)  which  were  obtained,  in  company  with  some  broken  bones,  by-Mr.  Theobald 
from  the  Siwaliks  of  the  village  of  Niki  in  association  with  the  cranium  figured  in 
plate  IX.  From  the  circumstance  that  the  fracture  of  the  radius  is  quite  recent,  and 
that  the  articular  surfaces  of  the  metacarpals  and  radius  are  perfectly  uninjured, 
with  their  ridges  sharp  and  distinct,  there  is  no  doubt  that  the  whole  skeleton  was 
originally  in  juxta-position,  and  was  broken  up  in  the  process  of  extraction.  In  the 
following  table  the  dimensions  of  the  figured  bones  are  compared  with  those  of  the 
corresponding  bones  of  a skeleton  of  a male  of  8.  scrofa  in  the  Museum  of  the 
Royal  College  of  Surgeons  (No.  1765);  viz.^ 

Fossil.  1 Recent. 

Length  of  third  metacarijal 4-5  3-46 

Transverse  diameter  of  ditto  distally  ....  1-19  0-86 

,,  ,,  ,,  distal  end  of  radius  . . . 2-5  1-6 

The  fossil  bones  agree  so  closely  in  general  form  with  those  of  the  existing 
sj^ecies,  that  they  do  not  afford  any  characters  of  specific  value.  The  skeleton  of 
8.  scrofa  has  a height  of  31  inches  at  the  shoulder;  and  taking  the  length  of  the 
third  metacarpal  as  a modulus,  the  calculated  height  of  the  skeleton  of  the  fossil 
would  be  40  inches,  or  ten  ‘ hands  ’; — the  height  of  a good-sized  pony.  The  molars 
of  the  skull  of  the  Niki  pig  (pi.  IX.)  are,  however,  by  no  means  the  largest  which 
may  probably  be  referred  to  that  species,  being  about  the  size  of  those  of  the 
mandible  represented  in  plate  VII.,  fig.  4,  in  which  the  length  of  m.  1 is  2T6  inches. 
The  larger  corresponding  tooth  represented  in  fig.  3 of  tlie  same  jDlate  has  a length 
of  2 ‘65  inches,  and  the  calculated  height  of  the  skeleton  of  the  individual  to  which 
that  specimen  belonged  would  be  upwards  of  49  inches,  or  12^  Tiands’; — the  height 
of  a small  horse. 

Specific  distinctness  and  ajjinities. — As  the  result  of  the  foregoing  comparisons  it 
appears  that  there  is  a very  strong  probability  that  the  specimens  described  above 
are  specifically  distinct  from  8.  giganteus — a probability  which  will  be  almost  a 
certainty  if  the  mandible  figured  in  plate  XI.  be  correctly  referred  to  that  species. 
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The  species  to  which  the  present  specimens  belong  is  certainly  distinct  from  all  existing 
forms  of  the  genus ; and  the  only  fossil  species,  mentioned  in  the  list  on  j^ages  51-2  with 
which  it  can  compare  in  size,  and  the  structure  of  the  molars,  are  S.  antiqiius,  S. 
crymantliius^  S.  major ^ S.provincialis^  and  clicerotherium.  The  first  is  apparently  mainly 
known  by  two  specimens  of  the  mandible  figured  by  Kaupd  In  one  of  these^  the  canine 
is  relatively  small,  and  the  specimen  is  consequently  referred  by  Kauj)  to  a female : in 
the  other,®  which  is  regarded  by  Kaup  as  a male,  the  middle  incisors  are  present ; 
then  there  is  an  empty  alveolus  on  each  side,  behind  which  there  is  a slender 
upwardly-directed  tooth  which  Kaup  regards  as  i.  :3,  the  canines  of  both  sides  being, 
on  Kaup’s  view,  absent  through  malformation.  In  the  present  writer’s  opinion  it  is 
far  more  probable  that  these  up-curving  teeth  are  really  the  canines  (the  second  and 
third  incisors  having  belonged  to  the  empty  alveoli),  and  that  the  jaw  really  belonged 
to  a female ; the  specimen  referred  by  Kaup  to  a female  belonging  to  a male.  If 
this  view  be  correct,  S.  antiqiius  will  be  distinguished  from  the  present  species  by  its 
very  small  canines.  It  is  also  distinguished  by  the  more  horizontal  direction  of  the 
lower  incisors ; Avhile  its  pm.  4 is  not  wider  than  m.  1,  and  the  inner  column  {a)  of  the 
former,  although  present,  is  not  so  strongly  developed.  The  two  species  agree  in 
the  proportionate  size  of  the  true  molars,  and  in  having  the  united  length  of  m.  J. 
and  m.  2 greater  than  that  of  m.  3.  In  S.  erijmanthius  and  S.  major,  which,  as  already 
said,  are  regarded  by  Prof.  Gaudry  as  being  probably  races  of  the  same  species,  the 
form  of  the  cranium  is  very  different  from  that  of  the  specimen  represented  in  plate 
IX.:  the  European  species  are  also  distinguished  by  their  small  canines,  by  the  small 
size,  or  absence,  of  the  protuberance  over  the  upper  canine,  and  by  the  general 
absence  of  pm.  1 in  both  jaws.  The  cheek-teeth  of  the  Eurojoean  species  present  a 
striking  resemblance  to  those  of  the  present  species ; the  lower  molars  having  the  same 
simple  structure,  and  the  length  of  mH  and  m.  2 exceeding  that  of  mTh  (this  character 
being  most  marked  in  S.  major') : pm.  4 is,  however,  relatively  narrower,  and  has  but 
an  indistinct  trace  of  the  accessory  inner  column  (a) ; pm.  3 is  a very  narrow  tooth, 
and  shows  no  indications  of  having  had  three  roots,  which  appears  to  have  been  the 
case  in  at  least  some  male  individuals  of  the  present  species.  The  last  upper  molar 
has  no  trace  of  the  conspicuous  cingulum  of  the  tooth  represented  in  plate  VII., 
fig.  6 ; and  in  the  European  molars  the  valleys  seem  slightly  less  open,  and  the 
accessory  columns  less  strictly  confined  to  the  median  line.  Both  the  figured 
specimens  of  the  dentition  of  the  European  species  are  smaller  than  that  represented 
in  plate  VII.,  fig.  4 ; and  no  individuals  are  known  to  have  attained  anything  like 
the  size  of  those  to  which  the  teeth  represented  in  figs.  3 and  6 of  the  same  plate 
belonged.  The  molars  of  8.  qirovincialis’^  present  a certain  resemblance  to  those 
of  the  present  form,  but  are  of  considerably  smaller  size  : the  talon  of  m.  3 is, 
however,  much  narrower,  and  that  tooth  has  not  the  cingulum  on  the  inner  side 
which  is  so  conspicuously  developed  in  the  tooth  figured  in  plate  VII.,  fig.  6 : the  last 

1 “Beitrage,”  pt.  IV.,  pis.  IV.  V.  2 IMcl,  pi.  IV.,  figs.  1,  Ic.  3 Bid,  pi.  IV.,  fig.  2,  pi.  V. 

i Gervais,  “ Zool.  et  Pal.  Fran9.,”  pi.  HI.,  figs.  1-G,  pi.  XXII.,  fig.  8. 
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lower  2)remolar  is  apparently  proportionately  narrower.  The  molars  of  S. 
chcGTotherimn^^  besides  their  inferior  size,  are  readily  distinguished  by  the  extremely 
simple  structure  of  the  columns  on  their  crowns. 

From  the  foregoing  evidence  it  appears  that  there  is  every  probability  of  the 
present  species  being  distinct  from  every  described  form  ; and  it  is  therefore  allow- 
able to  assign  to  it  at  least  a 2:)rovisionally  distinct  name  : from  the  very  large  size 
of  the  sj^ecies  the  name  8.  titan  may  be  approjDriately  aj^jdied.  This  species  in  the 
structure  of  its  true  molars  was  evidently  allied  to  the  above-named  fossil  species 
from  Ejjjielsheim,  Pikermi,  and  Mont  Leberon  ; but  Avas  much  more  specialized  in 
the  development  of  its  canines  than  the  sjDecies  from  the  two  latter  localities,  and 
apparently  also,  although  to  a less  extent,  than  the  E2)2:)elsheim  species.  This  large 
develojDinent  of  the  canines  is  a AA^ell-marked  instance  of  the  specialization,  and 
consequently  late  geological  age,  of  the  Siwalik  fauna.  In  the  structure  of  its 
lower  premolars  8.  titan  is  intermediate  betAveen  the  mandible  referred  to  8.  giganteus 
and  the  fossil  Eurojoean  pigs  ; pm.  4 being  a wider  tooth  than  in  the  latter,  and  pm.  3 
in  some  instances  retaining  eA’idences  of  the  relationship  of  its  OAvner  to  a Tetraconodon- 
like  form  by  the  retention  of  three  distinct  roots.  Although  it  is  j^robable  that  8.  titan 
and  the  large  Euroj^ean  fossil  jdgs  are  nearly  connected,  it  is  at  }3resent  impossible 
to  indicate  the  home  of  the  common  ancestral  stock. 

Distribution. — All  the  specimens  described  above  were  obtained  from  the  Siwaliks 
of  the  Punjab. 

Species  3 : Sus  falconeri,  n.  sp.,  nobis. 

Syn.  Sus  giganteus.^  F.  and  C.,  in  parte. 

8us  sivalensis,  Blain.  (non  Falc.  and  Caut.) 

Sus,  sjD.  nov..  Baker  and  Durand, 

History. — The  name  of  the  p)resent  species  is  mentioned  here  for  the  first  time  ; 
the  specimens  on  AA^iich  it  is  founded  having  been  previously  either  referred  by 
Falconer  and  Cautley  to  S.  giganteus,  by  De  Blainville  to  8.  sivalensis,  or  not  specific- 
ally named. 

Cranium  of  male. — In  figures  3,  3a,  3b  of  plate  LXIX.  of  the  “ F.A.S.”  there 
are  gwen  three  small-sized  views  of  the  cranium  of  a Shvalik  pig  in  the  collection 
of  the  British  Museum  (No.  16,386),  under  the  name  of  8.  giganteus.  The  specimen 
has  lost  the  extremity  of  the  muzzle,  but  is  otherwise  nearly  complete  anteriorly : 
posteriorly  it  is  broken  off  in  the  middle  of  the  temporal  fossa,  and  has  lost  a portion 
of  the  fronto-parietal  region  : the  teeth  are  all  well  worn,  and  indicate  an  aged 
animal. 

In  describing  this  specimen  it  will  be  simplest  to  indicate  in  what  res^jects  it 
differs  from  the  crania  of  Sus  giganteus  and  /S',  titan,  which  have  been  shoAAUi  to  be  of 
the  same  general  type,  and  may  therefore  be  considered  together.  In  the  first  place, 
the  size  of  the  cheek-teeth  indicates  an  animal  nearly  or  quite  as  large  as  the  British 

1 Ulainville,  “ Osteographie,”  Genus  Stis,  pi.  IX. 
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Museum  type  skull  of  the  first  of  those  species ; but  the  proportions  of  the  two 
skulls  are  very  different.  Thus  while  in  S.  giganteiis  the  vertical  height  of  the 
cranium  at  the  infra-orbital  foramen  is  5’4,  and  at  pm.  4 4*3  inches,  in  the  present 
specimen  these  dimensions  are  only  4-3  and  2‘9  inches : the  width  across  the  jDarietals 
between  the  temporal  fossae  in  the  present  specimen  is,  moreover,  nearly  twice  that 
of  S.  giganteiis.  The  protuberance  above  the  canine  in  the  present  specimen  is  also 
extremely  large  and  elongated,  whereas  it  is'  comparatively  small  and  short  in  the 
cranium  of  S.  titan  (pi.  IX.),  which  is  probably  that  of  a male  : the  large  size  of 
this  protuberance  and  of  the  alveolus  of  the  canines  indicates  that  the  present 
specimen  likewise  belongs  to  the  male  sex.  The  present  specimen  also  differs  from 
the  cranium  of  S.  giganteus  by  the  narrower  and  less  prominent  zygomatic  arches,  as 
well  as  by  the  more  anterior  direction  of  the  axis  of  the  orbit. 

The  present  cranium  is  indeed  of  a longer  and  lower  form  than  that  of  S. 
cristatuSj  and  comes  nearest  in  this  respect  to  the  cranium  of  the  existing  8. 
harhatus^  of  Borneo ; in  which  the  facial  portion  is  very  long  and  low,  with  a 
marked  rise  above  the  orbit  towards  the  occij)ut.  The  fossil  and  recent  crania 
also  agree  in  possessing  a long  protuberance  above  the  canine,  extending 
backwards  as  far  as  m.  1,  instead  of  stopping  at  pm.  2 as  in  other  living 
8.  titan,  and  probably.  8.  giganteus ; and  in  having  the  extremity  of  the  muzzle 
much  elongated  and  deflected  considerably  below  the  j)lane  of  the  grinding  surface 
of  the  cheek-teeth  ; this  character  being,  however,  most  marked  in  the  fossil.  The 
two  crania  also  resemble  one  another  in  the  form  of  the  pre-orbital  concavity,  and 
in  having  the  anterior  border  of  the  orbit  placed  considerably  behind  ; although 
this  character  also  is  most  strongly  developed  in  the  fossil.  In  all  these  respects 
the  latter  differs  very  widely  from  8.  giganteus  \ in  which  the  infra-orbital  sulci  are 
shallower  and  less  curved ; their  form  being  unknown  in  8.  titan.  Other  comparisons 
will  be  made  in  the  description  of  the  next  specimen ; but  it  may  be  mentioned 
here  that  the  skull  of  8.  harhatus  is  readily  distinguished  from  the  present  specimen 
by  the  much  greater  production  of  the  palate  behind  m.  3.  In  the  following  table 
the  teeth  of  the  present  specimen  are  compared  with  those  of  8.  eristatus,  viz. : 


Specimen. 

S.  cristatus. 

Length  of  three  true  molars 

3-55 

2-9 

„ ,,  pm.  4 

. 

0 54 

0-52 

Width  ,,  ,,  ,,  . . 

0*65 

0-55 

Length  ,,  m.  1 

0-68 

0-62' 

0 

0-94 

0-84 

Width 

0-9 

0-7 

Length  „ 3 . 

1-94 

1-51 

Width 

1T4 

0-82 

Long  diameter  of  canine 

IT 

10 

In  the  present  specimen  the  length  of  ^ considerably  exceeds  the  united 
length  of  the  two  preceding  teeth  : but  this  appears  to  be  in  great  part  due  to  the 
much  worn  condition  of  the  latter,  as  it  is  not  the  case  with  little  worn  specimens 

1 The  skull  of  this  species  is  figured  hy  Rollcston,  ‘ Trans.  Linn.  Soc.,’  Zool.,  ser.  2,  vol.  I.,  pi.  XLIII.,  fig.  7. 
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described  below.  The  structure  of  the  molars  of  the  present  specimen  is  much 
more  complex  than  in  8.  giganteus  or  8.  titan ; but  these  characters  are  better 
exhibited  by  less  rvorii  sj^ecimens  described  in  the  sequel.  The  last  upper  molar  of 
8.  harhatus  is  much  simpler  than  that  of  8.  cristatus,  and  is,  therefore,  quite  unlike 
the  corresponding  tooth  of  the  fossil. 

Cranium  of  female. — In  plate  X.  of  the  present  volume  there  is  represented  (!■) 
the  skull  of  a female  pig  from  the  Siwaliks,  which  from  its  general  agreement  with 
the  last  specimen  may  be  referred  to  the  same  species  : the  right  upper  cheek-dentition 
of  this  cranium  is  represented  of  the  full  size  in  plate  VIE,  fig.  7.  This  specimen  is 
preserved  in  the  Science  and  Art  Museum,  Dublin  (No.  C.  27),  and  is  one  of  those 
figured  and  described  by  Baker  and  Durand.^  It  is  nearl}^  complete  and  has  suffered 
but  slightly  from  crush  : all  the  teeth,  with  the  exception  of  the  canines  and  outer 
incisors,  are  in  position ; all  the  true  molars  are  very  much  worn  ; and  the  alveoli 
of  the  canines  and  outer  incisors  are  filled  with  matrix.  In  general  form  this  skull 
agrees  very  closely  with  the  male  specimen  ; being  distinguished  only  by  the  small 
size  of  the  canines,  and  the  absence  of  the  overhanging  protuberance.  These  two 
characters  clearly  indicate  the  female  sex  of  the  present  specimen. 

The  more  perfect  preservation  of  the  present  specimen  permits  of  fuller 
comparisons  than  were  possible  with  the  male  skull.  Thus  it  is  seen  that  the  length 
of  the  nasals^  considerably  exceeds  the  length  of  the  fronto-parietal  region ; and  it 
is,  therefore,  evident  that  the  present  species  has  no  affinity  Avith  8.  titan.,  8. 
giganteus.,  and  the  8.  cristatus  group,  in  which  the  reverse  is  the  case.  The  present 
specimen  also  shows  the  AAude  and  flattened  fronto-parietal  region,  the  narrow  nasals, 
and  the  deflected  muzzle ; as  Avell  as  the  advanced  position  of  m.  3 in  regard  to  the 
orbit ; in  all  of  which  characters  it  differs  from  8.  giganteus  and  8.  titan.^  The 
extension  of  the  palate  behind  the  last-named  tooth  is  intermediate  between  the 
condition  prevailing  in  8.  giganteus  and  8.  cristatus.  The  zygomatic  arches  are  Avider 
in  the  middle  than  posteriorly  ; Avhich  is  a character  given  by  Rollestoir*  as  distinctive 
of  8.  harhatus  : the  pre-orbital  concavity  is  also  deep  as  in  that  species,  instead  of 
Avide  and  shalloAV  as  in  8.  scrofa. 

As  it  is  apparently  only  in  /?.  scrofa  and  8.  harhatus  among  living  pigs  that  the 
length  of  the  nasals  largely  exceeds  the  length  of  the  fronto-parietal  portion  of  the 
skull,^  it  is  evidently  only  Avith  those  two  that  the  fossil  is  allied.  It  is  distinguished 
from  the  former  by  the  greater  deflection  of  the  muzzle,  the  flattened  frontals, 
the  form  of  the  pre-orbital  concaAuty  and  of  the  zygomata,  and  the  large  protuberance 
over  the  canine  of  the  male.  It  agrees,  however,  Avith  that  species  in  the  fact  that 

1 Two  views  (J-  nat.  size)  are  given  on  plate  XXXA^.  of  Baker  and  Durand’s  memoir ; while  the  dentition  of  the  left 
side  is  represented  of  the  full  size  on  plate  XLIV.,  fig.  3,  of  the  same  memoir.  The  latter  figure  is  reproduced  on  a smaller 
scale  by  De  Blainville  (“  Osteographie,”  Genus  Sus,  pi.  IX.)  under  the  name  of  S.  sivalensis. 

2 The  length  of  these  hones  can  be  estimated  from  that  of  the  premaxiUm. 

3 The  width  of  the  parietals  at  the  teniporal  fossm  has  not  been  determined  in  this  species.  4 Op.  cit.,  p.  265. 

5 Vide  Rollcston,  op.  cit. 
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tliG  summit  of  the  occipital  crest  forms  the  highest  point  of  the  skulh  ; and  thereby 
differs  from  S.  barbatits,  in  which  “ the  highest  point  is  some  way  in  front  of  the 
occipital  squama,  and  occupies  a level  far  above  the  plane  occupied  by  the  anterior 
half  of  the  frontal.”^ 

In  the  following  table  the  dimensions  of  the  specimen  under  consideration  are 
compared  with  those  of  the  type  skull  of  S.  giganteiis^  with  one  of  N.  barbatus,  of 
which  the  dimensions  are  given  by  Rolleston,  and  with  one  of  S.  cristatus : — 


S.  giganteus. 

Specimen. 

S.  harhatus. 

S.  cristatus. 

Extreme  length  .... 

15-8 

19-7 

14-5 

Base  line 

13-5 

16-7 

1-2 

Extreme  zygomatic  width 

8-5 

6-62 

6-8 

6-2 

Length  of  nasals 

8-0 

10-5 

6-6 

,,  ,,  fronto-parietals 

7-2 

9-0 

7-2 

Width  of  nasals 

1-5 

1-5 

1-7 

,,  ,,  post-orbital  processes 

5 1 

4-3 

4-5 

4-25 

Height  of  occiput 

6-55 

4-G2 

5*1 

Long  diameter  of  condyle  . 

1-6 

1-13 

1-2 

Interval  between  foramen  magnum  and  palate 

3-8 

4-1 

3-25 

Height  at  infra -orbital  foramen 

5-4 

4-4 

3-9 

Width  of  palate  posteriorly 

1-7 

1-2 

1-1 

1-3 

,,  ,,  ,,  anteriorly 

1-5 

1-34 

1-35 

Greatest  diameter  of  orbit 

1-35 

1-75 

1-6 

Length  of  palate 

9-2 

8.6 

In  the  next  table  the 

dimensions 

of  the 

teeth  of  the 

present  and 

the  last 

specimen  are  compared  with  those  of  the  two  British  Museum  crania  of  S.  giganteus^ 
viz. : — 


Present 

species. 

S.  giganteus. 

i 

-.A ^ 

male. 

female. 

Length  of  three  true  molars 

3'55 

3-48 

3-2 

3-7 

,,  ,,  four  last  cheek-teeth 

4-28 

3-74 

3-8 

4-22 

)j  ssiTes  of  ,,  ,, 

. 5*5 

6-1 

Diameter  of  canine 

1-1 

0-58 

Length  of  pm.  4 ... 

0-54 

0-45 

0-7 

0-7 

Width  „ „ ... 

0-65 

0-55 

0-9 

0-82 

Length  ,,  m.  1 

1 

0-68 

0-52 

0-62 

0-75 

Width  ,,,,,,. 

0-68 

0-82 

0-92 

Length  „ ,,  2 . 

0-54 

0-87 

0-91 

1-16 

Width  „ „ . 

0-9 

0-85 

1-08 

1-08 

Length  ,.  ,,  3 

1-G4 

2-1 

1-7 

1-85 

Width  ,,,,,,. 

1-14 

1-0 

1-2 

1-22 

In  regard  to  the  cheek-dentition  it  will  be  observed  that,  as  in  the  male  cranium, 
the  length  of  m.  3 considerably  exceeds  the  united  length  of  tlie  two  preceding  teeth,  but 
this  character  is  largely  due  to  mutual  pressure,  and  the  worn  condition  of  the  teeth; 
m.  1 and  m.  2 having  lost  their  enamel  on  both  their  anterior  and  j)Osterior  borders. 
The  third  premolar  is  of  the  normal  shape,  and  therefore  quite  distinct  from  the 
corresponding  tooth  of  S.  giganteus  (plate  XI.,  fig.  2) : the  first  premolar  is  remark- 
ably small,  but  is  rather  larger  in  the  male  cranium.  The  last  true  molar  (plate  VII., 
fig.  7)  exhibits  an  extremely  comj)lex  structure  on  its  worn  surface,  the  talon  being 
much  ]3roduced,  and  the  portion  behind  a relatively  more  develojDed  than  in  the 
corresponding  teeth  of  8.  giganteus  (plate  XI.,  fig.  2)  and  S.  titan  (plate  VII.,  fig.  6)  : 

1 Vide  Rolleston,  op.  cit.,  pi.  XLII.,  fig.  5.  2 Ibid,  p.  265,  pi.  XLIII.,  fig.  7. 
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the  whole  talon  indeed  exceeding  the  length  of  the  hinder  main  columns.  The 
complexity  of  the  jiattern  on  the  worn  surface  is  produced  by  the  number  and  large 
size  of  the  accessory  columns  (which  completely  block  the  lateral  valleys)  and  by  tlie 
vertical  grooving  of  the  enamel ; the  latter  character  causing  the  section  of  the 
enamel  in  certain  stages  of  wear  to  present  a folded,  or  crenulated,  appearance. 
This  structure  is  present  to  a certain  extent  in  the  molars  of  most  pigs,  but  is  never 
so  strongly  developed  as  in  the  present  form.  In  the  elongated  m.  3,  and  the  complex 
pattern  on  its  crown,  the  cranium  is  widely  different  from  S.  harhatus. 

Other  tspecimens. — In  the  memoir  cited  Baker  and  Durand  described  an  imperfect 
cranium  of  a male  of  which  they  figured  the  left  dentition* : that  specimen  seems  to 
agree  in  all  respects  with  those  described  above,  and  belonged  to  an  old  individual, 
the  first  and  second  molars  being  completely  worn  down,  and  their  united  length 
much  less  than  that  of  m-  3 ; the  latter  tooth  is  rather  larger  in  all  its  dimensions 
than  that  of  the  female  skull,  but  exhibits  the  same  complexity  of  structure.  The 
subsequent  history  of  this  specimen  is  unknown.  In  the  Science  and  Art  Museum, 
Dublin,  there  is  the  middle  portion  of  a crushed  skull  (No.  C.  31),  of  which  the 
dentition  of  the  left  side  is  represented  in  plate  XLIV.,  fig.  4,  of  Baker  and 
Durand’s  memoir.  This  specimen  appears  to  agree  exactly  with  the  typical  male 
skull,  although  the  crush  to  which  it  has  been  subjected  makes  it  a])pear  relatively 
higher  : the  teeth  are  well  worn.  The  dimensions  of  its  cheek-teeth  are  as  follows, 
vis.: — 

Length  of  three  true  molars  ....  3‘6  Length  of  m.  3 2'0 

,,  ,,  m.  2 10  Width  ,,,,,, I'l 

Width  ,,,,,, 0-9 

In  the  British  Museum  there  is  the  palate  of  a younger  individual  in  which  m.  3 
has  not  come  into  wear : the  left  dentition  of  this  specimen  is  represented  in  plate 
XLIV.,  fig.  2,  of  Baker  and  Durand’s  memoir.  From  its  little-worn  condition,  and 
consequent  absence  of  pressure  by  m,  3,  the  second  true  molar  is  much  longer  in  this 
specimen  than  in  any  of  those  previously  described ; the  united  length  of  this  and 
the  preceding  tooth  equalling  that  of  : m,  2 very  clearly  exhibits  the  characteristic 
complex  pattern  of  the  masticating  sui’face.  The  dimensions  of  the  teeth  of  this 


specimen  are  as  follows,  vis.: — 

Length  of  pm.  4 

0-49 

Length  of  m.  2 

1-29 

Width  ,,,,,, 

0-6 

Width  ,,,,,,. 

0-84 

Length  ,,  m.  1 

0-74 

Length  ,,  ,,  3 . 

2-03 

Width  

0-66 

Width  ,,,,,,  . . 

0-97 

The  palate  of  a still  younger  individual  in  the  British  Museum  (represented  in 
“ F.A.S.,”  pi.  LXXI.,  fig.  14,  and  in  pi.  XLIV.,  fig.  1,  of  Baker  and  Durand’s 
memoir-),  in  which  pi-  3 is  still  in  alveola,  exhibits  precisely  similar  characters,  but  the 
dimensions  of  m.  2 are  only  1 ’2  and  0‘83.  The  greater  portion  of  a young  skull  in 
the  same  collection,  represented  in  plate  LXX.,  figs.  4,  4a,  4b,  of  the  “F.A.S.,” 

1 Plate  XLIV.,  fig.  5. 

2 This  figure  is  reproduced  on  a reduced  scale  by  De  Blainville  (“  Osteographie,”  Genus  Sus,  pi.  IX.),  under  the  name  of 
8.  sivalensis. 
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agrees  in  contour  with  the  type  skulls,  and  shows  the  elongated  m-  2 characteristic 
of  young  individuals. 

In  figure  5 of  plate  VII.  of  the  present  volume  there  are  represented  the  cheek- 
teeth of  one  side  of  the  hinder  part  of  a palate  of  a Siwalik  pig  in  the  British 
Museunfi  ; in  which  there  is  seen  a fragment  of  the  well-worn  m- 1,  and  the  complete 
m 2 and  m.  3 ; the  last  is  untouched  by  wear,  while  m.  2 is  in  a middle  stage  of 
detrition.  The  dimensions  of  this  specimen  are  as  follows,  viz. : — 

Length  of  m.  2 1'4  Length  of  m.  3 2'2 

Width  „ „ 0-83  Width  „ „ „ M 

In  this  specimen  m.  2 exhibits  very  perfectly  the  extreme  complexity  of  pattern 
characteristic  of  the  present  species,  and  is  more  elongated  than  in  any  other  jaw. 
The  last  molar  is  also  unusually  complex  ; its  length  being  greater  in  proportion  to 
its  breadth  than  is  normally  the  case  with  the  corresponding  tooth  of  any  described 
species  of  the  genus.  Although  the  molars  of  this  specimen  are  slightly  longer  than 
those  of  any  of  the  specimens  yet  described,  the  jaw  may  be  safely  referred  to  the 
same  species.  In  figure  8 of  the  same  plate  there  is  represented  a fragment  of  the 
right  maxilla  of  a pig  in  the  Siwalik  collection  of  the  Indian  Museum,  containing 
m.  2 and  m.  3,  which  present  similar  characters  to  the  foregoing,  although  of 
somewhat  smaller  dimensions^ : both  teeth  are  more  worn  than  in  the  specimen  last 
described,  and  m.  2 is  imperfect  anteriorly.  Their  dimensions  are  as  follows,  viz. : — 

Length  of  m.  2 0‘92  (?)  Length  of  m.  3 1'7 

Width  0-79  Width  0-91 

From  their  little  worn  and  perfect  condition  the  teeth  of  these  two  specimens 
exhibit  in  the  most  marked  degree  the  points  distinguishing  the  molars  of  the 
jDresent  species  from  those  of  S.  gigantcus  and  S.  titan.  Thus,  if  the  perfect  m.  2 in 
figure  5 be  compared  with  the  slightly  more  worn  homologous  tooth  of  the  former  in 
the  jaw  represented  in  fig.  12  of  plate  LXXI.  of  the  “ F.A.S.,”  and  with  the  more 
worn  one  in  plate  XI.,  fig.  2,  of  this  volume,  the  contrast  between  the  elongated  crown, 
with  the  complex  pattern  on  its  worn  surface,  of  the  one,  and  the  square  crown,  with 
its  simple  pattern,  of  the  other,  will  be  at  once  perceived.  The  corresponding  upper 
tooth  of  S.  titan.,  although  probably  more  elongated  than  that  of  8.  giganteus,  must 
have  been  much  wider  than  the  corresponding  tooth  in  fig.  5,  since  the  dimensions  of  the 
latter  are  almost  the  same  as  those  of  the  lower  tooth  of  8.  titan  represented  in  fig.  4, 
and  upper  molars  are  always  much  wider  than  their  corresponding  lower  teeth. 
Similarly  if  the  last  molars  of  the  two  specimens  under  consideration  be  compared 
with  the  corresponding  tooth  of  8.  giganteus,  and  that  of  8.  titan  represented  in  fig.  6 
of  tiie  same  plate,  analogous  differences  will  be  observed.  Thus  the  hindmost  teeth 
of  the  present  species  are  much  longer  and  narrower ; and  their  talon,  instead  of 
consisting  simply  of  one  median  column  [a)  with  a horseshoe-shaped  portion  [b) 
behind  it,  consists  of  the  same  median  column  (a)  with  a pair  of  columns  (b)  behind, 

1 This  specimen  is  also  figured  in  pi.  LXXI.,  fig.  13,  of  the  “ F.A.S.,”  under  the  name  of  S.  giganteus. 

2 This  specimen  is  the  one  mentioned  under  the  number  318  in  the  note  on  page  513  of  the  first  volume  of  the 
“ Palaeontological  Memoirs  where  it  is  referred  simply  to  Sus. 
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beyond  wliich  again  there  is  a mass  of  agglomerated  columns  (c).  The  last  tooth  of 
the  present  specimens  is  further  distinguished  by  the  inner  surfaces  of  the  main 
inner  columns  being  flatter,  and  by  the  valleys  between  the  main  columns  being 
almost  entirely  blocked  by  the  development  of  a number  of  small  columns  on  either 
side  of  the  median  accessory  columns  (/.  g.).  The  tooth  of  S.  titan  is  still  more 
markedly  different  in  these  respects  than  that  of  N.  giganteiis.  Compared  with  nv3 
of  S.  cristatus,  which  according  to  Rolleston  is  more  complex  than  in  any  existing 
species  of  the  genus,  the  corresponding  tooth  of  the  present  specimens  differs  by  the 
greater  complexity  of  the  portion  h and  c,  causing  the  whole  tooth  to  be  relatively 
longer ; and  by  the  columns  on  the  median  line  (a,  /,  g)  being  more  distinct  from 
the  four  main  columns  ; as  well  as  by  the  greater  develoj)ment  of  accessory  columns 
in  the  terminations  of  the  transverse  valleys.  The  simple  molars  of  S.  harbatus 
present  no  resemblance  to  the  present  specimens. 

In  the  Dublin  Museum  there  is  a detached  right  m.  3 of  a Siwalik  pig 
(No.  C.  30),  agreeing  in  all  essential  characters  with  the  corresponding  tooth  of  the 
female  skull  represented  in  plate  X.,  although  of  smaller  size  ; its  dimensions  being 
l-73x0-94. 

Mandible  of  male. — In  plate  LXX.,  fig.  5,  of  the  F.A.S.”  there  is  represented 
the  mandible  of  a large  Siwalik  pig,  which  from  the  great  size  of  the  canines 
evidently  belonged  to  a male.  This  specimen  is  in  the  British  Museum,  and  exhibits 
all  the  cheek-teeth  in  a well-worn  condition  : the  inferior  aspect  of  the  symphysial 
portion  is  still  obscured  by  matrix  and  the  incisors  are  incomplete.  From  the 
circumstance  that  the  last  molar  of  this  specimen  is  of  a very  elongated  form 
(exceeding  the  length  of  the  two  preceding  teeth)  and  exhibits  an  extremely  complex 
pattern  on  the  worn  masticating  surface,  it  may  be  inferred  that  it  belongs  to  the 
present  species.  The  symphysis  extends  backwards  as  far  as  pm.  3,  and  there  is  a 
longer  interval  between  pim2  and  the  canine  than  in  the  mandible  of  8.  titan  figured 
in  plate  IX. ; the  canine  is  also  relatively  larger  than  in  that  specimen.  The 
premolars  are  not  well  preserved,  but  they  show  that  pm.  3 was  of  the  same  form  as 
in  existing  pigs.  A comparison  of  the  figures  will  at  once  show  that  this  sjrecimen 
is  specifically  distinct  from  the  mandible  of  S.  titan  (plate  VII.,  fig.  4)  and  from  that 
provisionally  referred  to  8.  giganteus  (plate  XI.,  fig.  1). 

A very  similar  specimen  is  represented  in  plate  XXXV.,  fig.  4,  of  Baker  and 
Durand’s  memoir.  The  dimensions  of  these  specimens  will  be  given  after  the 
description  of  the  mandible  of  the  female. 

Mandible  of  female. — In  plate  LXIX.,  fig.  4,  of  the  “ F.A.S.”  there  is  given  a 
reduced  lateral  view  of  the  left  ramus  of  a nearly  complete  mandible  of  a Siwalik 
pig  now  in  the  Dublin  Museum  of  Science  and  Art,  being  one  of  the  specimens 
collected  by  Baker  and  Durand.  The  right  dentition  of  this  specimen  is  figured  of 
the  full  size  in  plate  VII.,  fig.  1,  of  the  present  volume.  The  specimen  shows  all 
the  teeth,  which  are  in  a well-worn  condition ; but  the  crowns  of  i.  3,  the  canine, 
pm.  Ij  and  pm.  2 have  been  broken  off  i the  small  size' of  the  canine  indicates  that  the 
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jaw  belonged  to  a female.  In  the  following  table  the  dimensions  of  this  specimen 
and  of  the  two  mandibles  of  males  are  compared  with  those  of  the  mandible  of  a 


male  of  8.  cristatus ; viz. : — 

Length  of  three  true  molars  . 

Specimens. 

r- 

Male.^  Female. 

3-8  3-5 

S.  cristatus. 

3-1 

,,  ,,  five  last  cheek-teeth 

5-0 

4-7 

4-08 

Width  of  symphysis  between  external  borders  of  alveoli  of  canines  . 3 ‘4 

2-42 

2-7 

Interval  between  canine  and  pm.  2 

1-9 

1-2 

1-26 

Length  of  symphysis 

3-9 

3-47 

3-2 

3-1 

Height  to  summit  of  m.  3 

2-66 

2-67 

,,  ,,  alveolus  of  i.  2 

1-18 

1-6 

Length  of  m.  1 

0-5 

0-65 

Width  ,,,,,, 

0-57 

0'69 

Length  „ „ 2 

1-08 

1-05 

11 

0 88 

Width  „ „ „ . 

0-72 

0-69 

0-7 

0-6 

Length  ,,  „ 3 

2-04 

1-94 

1-95 

1-65 

0-86 

0-76 

0-76 

0-7 

Long  diameter  of  canine 

1-2 

0-6 

0-93 

Intermolar  space  at  m.  3 

1-6 

1-12 

1*4 

The  complex  pattern  on 

its  worn  surface. 

and  the  elongated 

shape  of 

m.  3 of  the 

female  jaw,  clearly  indicate  that  this  specimen  should  be  referred  to  the  present 
form.  It  will  be  seen  from  the  measurements  that  the  superior  surface  of  the 
extremity  of  the  symphysis  is  much  lower  in  the  present  specimen  relatively  to  the 
detrital  plane  of  the  cheek-teeth  than  in  the  jaw  of  S.  cristatus]  the  inferior  border 
of  the  symphysis  also  forms  a much  less  marked  angle  with  the  inferior  border  of 
the  horizontal  ramus,  although  this  feature  is  somewhat  exaggerated  in  the  figure  in 
the  “ F.A.S.”  These  features  are  evidently  in  correlation  with  the  deflection  of  the 
premaxillary  region  of  the  cranium  of  the  present  species.  The  cheek-teeth  of  the 
female  jaw  are  relatively  rather  longer  than  in  that  of  the  male,  and  the  intermolar 
space  is  somewhat  less  ; both  these  characters  corresponding  with  those  prevailing  in 
the  crania.  It  will  be  seen  that  pm.  3 and  pm.  4 are  narrow  teeth  like  those  of  existing 
pigs  ; the  latter  wanting  the  distinct  inner  column  which  occurs  in  the  corresponding 
tooth  of  8.  titan  («,  fig.  4),  and  being  widely  different  from  the  same  tooth  in  the  jaw 
referred  to  8.  giganteus  (plate  XL,  fig.  1)  : pm.  3 is  inserted  by  two  roots  only,  and  is 
therefore  quite  different  from  the  same  tooth  in  the  latter  jaw.  The  characters  of 
the  true  molars  will  be  best  gathered  from  the  specimens  described  below. 

Lower  molars. — In  plate  VII.,  fig.  2,  of  the  present  volume  there  is  rejoresented 
from  the  masticating  aspect  a fragment  of  the  right  ramus  of  the  mandible  of  a pig 
formerly  in  the  collection  of  the  Asiatic  Society  of  Bengal,  which  was  obtained  by  the 
late  Sergeant  Dawe  from  the  Siwaliks  of  the  neighbourhood  of  Nahan.  It  is 
described  by  Falconer^  in  the  following  words  : — “ Sus ; Fragment  of  lower  jaw, 
right  side,  comprising  posterior  part  of  horizontal  ramus,  broken  across  horizontally 
near  the  base  of  the  teeth,  and  containing  the  last  two  molars,  the  penultimate  well 
worn,  with  very  flexuous  enamel ; the  last  molar  in  germ  and  of  very  large  size.” 

1 The  specimen  in  the  first  column  is  the  British  Museum,  and  that  in  the  second  Baker  and  Durand’s  specimen. 

2 Vide  “ Pal.  Mem.,”  vol.  I.,  p.  513,  note  (No.  319). 
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Since  Falconer’s  notice  the  anterior  wall  of  mT^  has  been  broken  way.  The  inner 
aspect  of  m.  a is  represented  in  fig.  9 of  the  same  plate.  A larger  fragment  of  the 
corresponding  ramus  of  another  mandible,  from  the  Siwalik  Hills,  containing  the 
three  true  molars,  is  represented  in  plate  LXXI.,  fig.  15,  of  the  “ F.A.S.”  under  the 
name  of  S.  p^anteus,  and  is  preserved  in  the  British  Museum  (No.  16,612).  In  that 
specimen  the  cheek-teeth  are  in  nearly  the  same  condition  of  wear  as  the  mandible 
represented  in  plate  VII.,  fig.  1,  of  the  present  volume,  and  the  length  of  mTS 
exceeds  that  of  the  two  preceding  teeth.  Since  the  molars  of  all  three  specimens 
agree  exactly  in  the  complex  pattern  formed  on  their  masticating  smfaces,  in  their 
elongated  shape,  and  in  the  long  talon  of  the  last  tooth ; while  the  teeth  of  the 
British  Museum  specimen  agree  almost  exactly  in  size  with  those  of  fig.  1,  those  of 
fig.  2 being  somewhat  larger,  the  whole  of  the  three  specimens  evidently  belong  to 
the  same,  or  a closely  allied,  S2)ecies. 

Comparing  the  molars  of  the  specimen  represented  in  fig.  2 with  those  of  S. 
titan  represented  in  fig.  4 of  the  same  plate  (the  degree  of  wear  of  the  latter  being 
very  slightly  less  than  that  of  the  former),  it  will  be  seen  that  the  pattern  of  the 
worn  surface  of  m72  is  much  more  complex  in  the  present  specimen  ; the  transverse 
valley  on  the  outer  side  being  entirely  obliterated  by  the  detrition  of  the  outlying 
columns  situated  therein ; the  whole  crown  is  moreover  relatively  longer  and 
narrower.  In  m.  8 the  distinctive  characters  of  the  two  forms  are,  if  possible,  still 
more  distinctly  displayed.  Thus  the  talon  of  that  tooth  in  the  present  specimen  has 
the  median  column  («)  corresponding  to  that  of  S.  titan  ; in  the  portion  b and  c the 
inner  column  is,  however,  more  developed,  being  as  large  as  the  outer  column  ; w4nle 
behind  these  there  is  the  portion  d which  is  entirely  wanting  in  S.  titan.  The  main 
columns  in  the  present  species  are  flattened  on  their  lateral  surfaces ; and  the  lateral 
accessory  columns  are  so  developed  as  to  almost  completely  block  the  outer 
terminations  of  the  transverse  valleys  ; this  being  especially  noticeable  in  the  first 
valley.  On  the  inner  lateral  surface  (figs.  9,  10)  it  will  be  seen  that  the  columns  of 
the  present  species  are  relatively  taller  and  wider,  with  their  summits  inclining 
forwards  in  place  of  being  nearly  vertical,  and  with  much  narrower  sjDaces  between 
them  : the  talon  [the  ])ortion  to  the  right  of  ta)  is  equal  in  length  to  the  whole  length 
of  the  rest  of  the  crown,  instead  of  only  to  half,  and  its  first  column  is  as  high  as 
the  column  immediately  anterior  to  it : finally  the  whole  crown  is  relatively  higher. 
In  the  following  table  the  dimensions  of  the  specimen  represented  in  fig.  2 are 
compared  with  those  of  the  British  Museum  specimen,  and  with  those  of  the 
corresponding  teeth  of  8.  titan.,  viz. : — 

Present  species.  S.  titan. 


Length  of  m.  2 

Ind.  Mus. 

Brit.  Mus. 

0-95 

1-42 

Width  ,,,,,, 

0-71 

0-7 

10 

• • • • • • 

2-4 

1-8 

2-16 

Width  „ „ 

0-85 

0-7 

12 

Height  of  first  inner  column  of  talon  of  ditto 

1-05 

0-7 

These  dimensions  and  comparisons,  coupled  with  the  totally  different  form  of 
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the  last  premolar  of  the  female  jaw  already  described  from  that  of  S.  titan,  leave  no 
doubt  of  the  specific  distinctness  of  the  specimens  under  consideration  from  that 
species. 

Compared  with  the  jaw  provisionally  referred  to  S.  giganteus  (plate  XI.,  fig.  1 ),  still 
more  striking  differences  obtain,  since  the  crowns  of  the  molars  of  that  specimen 
are  even  lower  than  in  S.  titan,  and  the  crowns  of  m.  1 and  m.  2 are  of  remarkable 
shortness  ; while  the  latter  tooth  exhibits  no  trace  of  the  complex  pattern  formed  on  the 
worn  surface  of  the  present  specimens.  These  differences,  together  with  the  simple 
preniolars  of  the  female  lower  jaw  of  the  present  form,  leave  no  doubt  of  the 
specific  distinctness  of  the  latter  from  the  lower  jaw  figured  in  plate  XI.:  and  since  it 
has  been  shown  even  if  that  specimen  do  not  belong  to  S.  giganteus  that  the  lower  molars 
of  that  species  must  have  been  of  very  similar  structure,  there  is  no  doubt  of  the 
specific  distinctness  of  the  present  form  from  that  species. 

Compared  with  B.  cristatus,  the  molars  of  the  present  specimens  present  a much 
greater  resemblance  than  they  do  with  those  of  8.  titan  or  8.  giganteus.  In  m.  3 
of  the  living  species  the  whole  crown,  and  more  especially  the  talon,  is  relatively 
lower ; and  the  hindmost  portion  of  the  talon  [d)  comprises  only  a single  column : 
the  inner  lateral  surfaces  of  the  main  columns  are  less  flattened  and  elongated,  the 
accessory  columns  less  fully  developed,  and  the  pattern  on  the  worn  masticating 
surfaces  of  all  the  molars  less  complex.  With  the  simple  molars  of  8.  harbatus  the 
present  specimens  have  no  resemblance. 

Other  mandibles. — In  figs.  7,  7a  of  plate  LXX.  of  the  “ F.A.S.”  there  is 
represented,  under  the  name  of  8.  giganteus,  the  mandible  of  an  immature  Siwalik 
jDig,  now  in  the  collection  of  the  British  Museum  (No.  16,599),  which,  judging  from 
the  elongated  form  of  m.  2 and  the  complex  pattern  of  the  worn  surface  of  the  same, 
as  well  as  from  the  general  contour  of  the  jaw,  should  apparently  be  referred  to  the 
present  species.  The  last  molar  is  not  fully  protruded ; and  the  small  size  of  the 
canines  indicates  that  the  specimen  probably  belonged  to  a female.  The  side  view 
shows  the  depression  of  the  extremity  of  the  symphysis  below  the  alveoli  of  the 
cheek-teeth  characteristic  of  this  species.  Another  specimen  in  the  same  collection, 
represented  in  plate  LXX.,  fig.  6,  of  the  F.A.S.,”  in  which  the  molars  are  very 
much  worn  down  and  battered,  j)robably  belongs  to  the  same  species.  The 


dimensions  of  these  two  s]3ecimens, 

taken  in 

the  same  order,  are  as  follows,  viz.\ — 

Height  of  ramus  at  m.  3 

2-0 

2-1 

Width  of  m.  1 

0-55 

Thickness  ,,  ,,  . 

i’4 

1-4 

Length  „ 2 

1-21 

Length  of  symphysis 

2-8 

2-8 

Width  jyjjjj 

0-7 

Interval  between  canine  and  pm.  1 

0-5 

Width  ,,  ,,  3 

0-78 

Length  of  m.  1 . 

0-72 

A fragment  of  the  right 

ramus 

of  a mandible  in  the  same  collection  (No. 

16,609) 

probably  belongs  to  a young  individual  of  the  same  species.  This  specimen  shows 
very  clearly  the  elongated  form  of  the  little  worn  m.  1. 

Distinctness  and  affinities. — The  foregoing  comparisons  leave  no  doubt  of  the 
specific  distinctness  of  the  specimens  under  consideration  from  8.  giganteus  and 
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S.  titan ; and  tlie  resemblance  of  the  different  specimens  to  one  another  is  so  close 
that  they  may,  at  all  events  provisionally,  be  referred  to  a single  species.  That 
species  is  indeed  a mnch  smaller  form  than  N.  titan^  and  many  of  its  individuals  do 
not  greatly  exceed  in  size  the  existing  N.  cristatus.  The  fossil  species  is  distinguished 
from  all  living  species  of  the  genus  (including  Potamochcerus)  by  the  extreme 
complexity  of  the  structure  of  its  cheek-dentition,  as  well  as  by  the  form  of  the 
skull.  In  the  latter  resj)ect  it  makes  a very  marked  approach  to  S.  harhatiis,  but  the 
simple  molar  dentition  of  that  species  removes  it  very  widely  from  the  fossil.  The 
only  way  of  explaining  the  resemblance  existing  between  the  crania  of  these  two 
forms  seems  to  be  that  they  may  both  be  diverging  branches  from  a common  stock 
having  a cranium  of  similar  form,  and  with  molars  of  the  simple  structure  of-  the 
existing  species. 

With  regard  to  the  fossil  species  in  the  list  on  pages  51-2  the  present  form  is  at 
once  distinguished  from  S.  antiquus,  8.  erymanthius,  and  8.  major ^ by  the  structure  of 
its  molars  ; those  of  the  three  fossil  species  being  of  the  8.  titan  type.  8.  arvernensis 
is  a much  smaller  form,  with  apparently  simpler  molars.  The  molars  of  8.  cJioeroides, 
8.  cheer otheriim,  8.  loclcharti,  and  8.  qoalceochcerus,  are  all  of  a comparatively  simple 
structure,  and  approach  more  or  less  closely  those  of  8.  africanus  and  Ilyotherium ; 
while  none  of  the  other  species  in  the  list  appear  to  present  any  close  resemblance  to 
the  present  form.  The  distinctness  of  the  latter  from  the  Siwalik  8.  hysiidricus  and 
Ilippohyus  will  be  indicated  in  the  sequel. 

Seeing,  therefore,  that  the  siDecimens  under  consideration  cannot  be  identified 
with  any  named  species  with  which  the  writer  is  acquainted,  they  are  entitled  to 
rank  as  a distinct  species,  for  which  the  name  of  8us  falconeri  is  projDosed.  There 
appears  to  be  a certain  amount  of  variation  in  the  structure  of  the  hinder  molars, 
but  not  more  than  might  be  expected  in  different  individuals  of  such  a complex- 
toothed species.  The  high  specialization  of  the  species  is  indicated  not  only  by  the 
complex  structure  of  the  molars,  but  also  by  their  extremely  elongated  form. 

Pesemhlance  to  Phacochoerns  and  Hippohyus. — Although  there  is  no  doubt  that  8. 
falconeri  is  a true  8us^  yet  in  the  structure  of  its  molars  it  makes  a decided  approach 
to  Phacoclmrus  ; this  character  being  most  marked  in  last  lower  molars,  like  the  one 
represented  in  plate  VII.,  figs.  2,  9.  This  tooth  approaches  mTS  of  Phacochoerns  in  its 
extremely  elongated  form,  in  the  flattened  lateral  walls  of  the  main  columns,  in  the 
distinctness  and  large  size  of  the  numerous  accessory  lateral  columns  filling  the 
valleys,  and  in  the  relatively  great  height  of  the  crown.  To  convert  such  a tooth 
into  the  lower  molar  of  Phacochoerns,  it  merely  requires  that  the  main  columns  should 
be  reduced  to  the  size  of  the  accessory  ones,  and  that  each  one  should  be  completely 
isolated  from  the  others,  while  the  height  of  the  crown  should  be  still  more  increased. 
The  last  lower  molar  of  8.  falconeri  is  indeed  almost  exactly  intermediate  between 
the  corresponding  tooth  of  8.  titan  and  Phacochoerns  ; and  it  is  thus  easy  to  see  how 
a transition  may  have  taken  place  from  a simple  tooth  like  that  of  8.  titan  to  the 
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extremely  complex  one  of  PhacocJimrus.  In  the  “ Enchainements  Prof.  Gaudry 
remarks  : — “ Le  genre  'pliacocliere  a pu,  comme  celui  cles  liippopotames^  etre  cite  parmi  les 
formes  qui  sont  isolees  dans  la  nature  actuelle^  mais  M.  Tournouer  nUa  montre  dernierement 
cles  molaires  cVun  sanglier  fossile  recueilli  en  Afriqiie  dans  la  province  de  Constantine,  ou  les 
denticides  se  midtiplient  et  se  separant  les  ims  cles  cadres,  de  manure  a indiquer  une  tendance 
vers  la  forme  singidiere  des  phacoclieresP  This  African  form,  which  the  writer  believes 
to  be  still  nndescribed,  woidd  thus  seem  to  be  allied  in  the  structure  of  its  molars  to 
N.  falconeri ; and  it  is  interesting  to  find  indications  that  the  African  wart-hogs  were 
probably  connected  through  an  extinct  North  African  form  with  a highly  specialized 
true  pig  from  the  Siwaliks  of  India. 

The  complex  structure  of  the  molars  of  Sus  falconeri  leads  on  in  another 
direction  by  an  easy  transition  to  the  still  more  complex  molars  of  IJippohyus,  and  it 
is  thus,-  as  will  be  shown  in  the  sequel,  easy  to  see  how  a transition  may  have  been 
effected  from  the  simpler  forms  of  bunodont  molars  to  those  of  the  Selenodonts. 

Distribution. — Remains  of  S.  falconeri  have  hitherto  been  obtained  only  from  the 
typical  Siwalik  Hills  (unless  some  undetermined  mandibles  noticed  in  the  sequel 
belong  to  this  species).  This  is  another  instance  of  the  more  or  less  complete 
restriction  of  the  more  specialized  forms  to  the  eastern  side  of  India  : the  more 
generalized  forms  usually  characterizing  the  western  side,  although  sometimes 
ranging  to  the  eastward. 

Species  4 : Sus  hysudeicus,  Falc.  and  Cant. 

'Syn.  Sus,  sp..  Baker  and  Durand. 

History. — At  the  conclusion  of  their  memoir  on  the  fossil  Siwalik  swine  Baker 
and  Durand^  observed  that  an  imperfect  cranium,  of  winch  they  gave  a figure,® 
indicated  a species  of  Siwalik  pig  specifically  distinct  from  the  one  they  had  first 
described  (N.  falconeri).  They  observed  that  this  second  species  Avas  of  smaller  size 
than  the  existing  S.  cristcdus ; and  differed  also,  among  other  characters,  by  the  more 
simple  structure  of  the  talon  of  ra.  3.  In  the  “F.A.S.”*  a large  number  of  specimens 
of  the  teeth  and  jaAA^s  of  a small  Siwalik  pig  were  figured  by  Falconer  and  Cautley 
under  the  name  of  S.  hysudricus]  although  no  description  of  the  species  was  ever 
published.  A comparison  of  the  figm-es  shows  that  the  sjDecies  so  designated  is  the 
same  as  the  smaller  Sus  described  by  Baker  and  Durand. 

Upper  dentition  and  cranium. — In  plate  LXX.,  figs.  2,  2a,  of  the  “ F.A.S.”  there 
is  represented  the  middle  portion  of  a cranium  of  this  species  from  the  Siwalik 
Hills,  in  which  m.  3 is  not  protruded,  and  the  canine  is  of  extremely  small  size ; the 
latter  character  indicating  that  the  specimen  belonged  to  a female.  A full-sized 
view  of  the  dentition  of  this  specimen  is  gNen  in  jolate  LXXI.,  fig.  9,  of  the  same 
work.  The  pre-orbital  concavity  is  narrow  behind,  as  in  S.  verrucosus  ; and  the  form 
of  the  cranium  appears  to  be  relatively  short  and  tall,  as  in  the  majority  of  existing 

1 “ Mammiferes  Tertiaries,”  pp.  73-4.  2 ‘ Journ.  As.  Soc.  Beng.,’  vol.  V.,  p.  668. 

3 Ibid,  pi.  XLIV.,  fig.  6.  1 Part  VIII.,  plates  LXX.,  LXXI.  (1847). 
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Asiatic  pigs.  In  the  specimen  figured  by  Baker  and  Durand  the  canine  is  of  large 
size,  indicating  a male  individual : and  from  the  width  of  the  nasals  it  is  inferred  that 
this  cranium  was  relatively  shorter  than  that  of  S.  cristatus.  There  is  an  imperfect 
cranium  in  the  British  Museum  (No.  37,267)  from  the  Siwaliks  of  Perim  Island,  in 
which  the  crowns  of  the  teeth  are  broken  off,  exhibiting  very  similar  characters. 

In  plate  LXXI.,  fig.  5,  of  the  “ F.A.S.”  there  is  represented  the  left  half  of  a 
jialate  of  the  same  species,  now  in  the  British  Museum,  from  Perim  Island,  showing 
the  two  last  premolars  and  the  three  true  molars,  the  last  of  which  is  unworn.  A 
specimen  of  a fragment  of  the  right  maxilla,  from  the  Siwalik  Hills,  represented  in 
fig.  7 of  the  same  plate,  shows  m.  2 and  ni.  3 in  a well-worn  condition.  The  specimen 
of  a portion  of  the  right  maxilla  represented  in  plate  VIII.,  fig.  10,  of  the  present 
volume  was  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab,  and  exhibits 
the  hinder  portion  of  m.  1,  and  the  complete  m.  2 and  ui.  3 ; the  latter  being  in  an 
unworn  condition.  In  fig.  11  of  the  same  plate  there  is  represented  a fragment  of 
the  left  maxilla,  from  the  same  region,  showing  the  last  premolar,  and  the  first  and 
second  true  molars ; all  in  a well-Avorn  condition.  In  the  following  table  the  dimensions 
of  the  four  specimens  mentioned  above,  taken  in  the  same  order,  are  conij)ared  with 
those  of  the  corresponding  teeth  of  a male  of  S.  andamanensis,  viz. : — 


S.  hysudricus. 

S.  andamanensis. 

/' — 

Length  of  pm.  3 . . . . 

0-5 

0 4 

AVidth  ,,,,,, 

0-35 

0-33 

Length  ,,  ,,  4 

0-5 

0-5 

0-44 

Width  ,,,,,, 

0-53 

0-56 

0-45 

Length  ,,  m.  1 

0-6 

0-64 

0-67 

AVidth  ,,,,,, 

0-58 

0-6 

0*48 

Length  ,,  ,,  2 

0-8 

0-68 

0-8  0-84 

0-7 

AVidth  ,,,,,, 

0-71 

0-7 

0-72  0-73 

0-58 

Length  3 

1-1 

0-85 

1-2 

0-95 

AVidth  ,,,,,, 

0-71 

07 

0-72 

0-61 

dimensions  of  the  sjAecimen 

figured  by  Baker  and  Durand,  and  those  of 

the  one  represented  in  plate  LXXI.,  fig.  9,  of  the  ‘‘  F.A.S.,”  are  comprised  within 
the  same  limits,  it  may  be  taken  for  granted  that  the  foregoing  dimensions  indicate 
the  average  size  of  the  species.  The  length  of  ni.JL  in  the  third  and  fourth  columns 
is  practically  the  same  as  that  of  the  corresponding  tooth  of  the  cranium  of  S. 
cristatus  measured  on  page  55,  but  its  Avidth  is  greater.  The  last  molar  of  the 
fossil  is,  hoAvever,  Amry  much  shorter  than  in  the  last-named  species  ; its  length  being 
less  than  that  of  the  two  preceding  teeth.  These  tAvo  specimens  indicate,  therefore, 
an  animal  nearly  as  large  as  8.  cristatus  ; but  the  specimen  in  the  second  column  is 
more  nearly  the  size  of  /?.  andamanensis.  The  extreme  shortness  of  Jn.  3 distinguishes 
the  fossil  species  from  typical  examples  of  8.  scrofa,  8.  verrucosus,  and  8.  cristatus ; 
and  allies  it  Avith  8.  harhatus,  tlie  typical  form  of  8.  vittatus,  the  8.  andamanensis  group, 
and  the  African  river-hogs.  The  form  of  the  cranium  indicates  that  the  fossil  has 
no  affinity  Avith  8.  harhatus.  In  vioAV  of  the  uncertainty  existing  as  to  the  relations 
of  8.  vittatus  to  the  8.  andamanensis  group,  it  is  almost  impossible,  Avhen  dealing  with 
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fossil  forms  of  intermediate  size,  to  indicate  any  characters  by  which  the  one  can  be 
satisfactorily  distinguished  from  the  other ; and  comparisons  will,  therefore,  be 
mainly  confined  to  the  -S',  andamanensis  group.  It  may  be  observed,  however,  that 
the  talon  of  the  third  molar  of  S.  andamanensis  is  generally  still  simpler  than  that  of 
*S.  vittatiLS  ; and  the  length  of  that  tooth  usually  still  less  in  joroportion  to  that  of 
the  two  2)receding  teeth ; and  that  in  this  respect  the  fossil  appears  to  be  nearer  to 
the  former  species.  Compared  with  the  cranium  of  8.  andamanensis,  the  fossil  form 
agrees  with  that  species  in  the  proportionate  length  of  the  true  molars  ; the  united 
length  of  m.  1 and  m.  2 considerably  exceeding  that  of  m.  8^  and  the  talon  of  the 
latter  being  relatively  short : the  true  molars  of  the  fossil  are,  however,  relatively 
wider  than  those  of  the  existing  species.  Both  forms  agree  in  the  relatively  early 
appearance^  of  m.  -3  ; fiat  the  crown  of  that  tooth  is  lower  in  the  fossil,  and  the  talon 
wider,  with  its  hinder  portion  (h)  more  distinctly  separated  from  the  hinder  joair  of 
main  columns  : the  last  tooth  of  the  existing  species  has  not  the  conspicuous  cingulum 
of  the  fossil.  The  upper  molars  of  8.  timorensis  and  8.  papuensis  (the  other  members 
of  the  8.  andamanensis  group)  are  also  very  similar  to  those  of  the  fossil,  but  have 
likewise  slightly  narrower  and  higher  crowns.  The  crania  of  the  three  existing 
species  have  the  pre-orbital  concavity  wide  posteriorly.  The  last  upper  premolar  of 
the  fossil  has  its  inner  moiety  longer  antero-posteriorly,  and  its  inner  column  {a) 
decidedly  larger  than  in  either  of  the  three  species  mentioned,  or  indeed  than  in  any 
existing  Asiatic  pig  ; and  the  preceding  tooth^  likewise  appears  to  be  relatively  larger. 
In  these  respects  the  fossil  is  nearer  to  the  African  8.  porcas^ ; which  is,  however, 
distinguished  by  the  smaller  relative  size  of  m.  3,  and  the  absence  of  pm.  1 5 the  latter 
being  well  developed  in  the  fossil. 

Loiver  dentition  and  mandible. — In  plates  LXX.,  LXXI.,  of  the  “ F.A.S.”  there 
are  represented  five  specimens  of  the  mandible  of  a small  species  of  Siwalik  pig, 
which  from  their  size  and  the  structure  of  their  teeth  may  be  referred  to  the  joresent 
species.  The  first  specimen  (plate  LXX.,  figs.  3,  3a)  shows  the  entire  cheek- 
dentition  of  both  sides,  in  an  early  stage  of  wear  : the  second  (pi.  LXXI.,  fig.  C)  the 
cheek-dentition  of  the  left  side,  the  earlier  premolars  and  m.  3 being  imperfect,  and 
mTl  in  a half-worn  condition:  the  third  [ibid,  fig.  10)  the  last  five  teeth  of  the  right 
side  in  a rather  more  worn  condition  : the  fourth  {ibid,  fig.  8)  m.  2 and  m.  3 of  the  left 
side,  in  a well-worn  condition  ; and  the  fifth  {ibid,  fig.  11)  the  symphysis,  showing  the 
four  premolars.  In  plate  VIII.,  figs.  3,  3a,  of  the  present  volume  there  is  represented 
the  dentition  of  the  right  ramus  of  a similar  mandible  collected  by  Mr.  Theobald  in 
the  Siwaliks  of  the  Potwar  district  of  the  Punjab,  showing  the  last  five  cheek-teeth 
in  a well-worn  condition.  In  figure  2 of  the  same  plate  there  is  represented  a 
fragment  of  the  right  ramus  showing  m.  3 and  the  greater  part  of  m.  2,  both  in  a still 

1 The  specimen  represented  in  pi.  LXXI.,  fig.  9,  of  the  “ F.A.S.”  is  abnormal  in  this  respect. 

2 “F.A.S.,”  pi.  LXXI.,  fig.  9. 

3 The  upper  and  lower  dentition  of  this  form  is  figured  by  Riitimeyer  in  ‘ Vcrhand.  nat.  Ges.  Basel,’  vol.  IV.,  p.  517, 
et.  seq  , under  the  name  of  S.  poiioiUatus. 
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more  worn  condition,  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  Leliri,  Punjab. 
The  corresponding  portion  of  the  opposite  ramus  of  the  same  specimen  was  also 
obtained,  but  is  not  figured. 

In  the  following  table  the  dimensions  of  these  seven  specimens,  taken  in  the 
same  order,  are  compared  with  those  of  the  mandible  of  N.  anclamanensis , viz. : — 


S.  hysudricus. 

S.  andamanensis. 

f — 

Height  at  m.  2 

2-0 

21 

2-3 

1-4 

Length  of  three  molars 

3-0 

2'2 

2-75 

2-3 

,,  ,,  6 cheek-teeth 

4-88 

3-5 

,,  ,,  pm.  2 

0-45 

0'45 

0-4 

•J 

>>  • 

0-59 

0-45 

0 5 

0-65 

0-42 

Width  ,,  ,,  ,, 

0-3 

0-44 

0-21 

Length  ,,  ,i  4 

0-69 

0-5 

0*5 

0-5 

0-62 

0-46 

Width  ,,  ,,  ,, 

0-43 

0-35 

0-35 

0-5 

0 32 

Length  ,,  m.  1 

0-8 

0-55 

O'o 

0-64 

0-54 

Width  ,,  ,,  ,, 

0-43 

0-4 

0-48 

0-37 

Length  ,,  ,,  2 

0-92 

0’7 

0 66 

0-73 

0-84 

0-65 

Width  ,,  ,,  ,, 

0-.53 

0 5 

0-6 

0-65 

0-66 

0-46 

Length  ,,  ,,  3 

1-4 

1-0 

1-4 

1-35 

1-28 

M 

Width  ,,  „ „ 

0-5 

0-65 

0-7 

0-71 

0-53 

, , , , intermolar  space 

at  pm.  2 

1-3 

0-96 

The  differences  in 

these  dimensions 

are 

not 

greater 

than  those 

which  migl 

occur  in  different  individuals  of  the  same  species : the  excessive  length  of  m.  1 and  m.  2 
in  the  first  specimen  is  due  to  the  large  talons  and  early  stage  of  wear  of  those  teeth. 
In  all  the  specimens  the  united  length  of  m.  1 and  m.  2 largely  exceeds  that  of  m.  3. 
The  specimen  in  the  sixth  column  (pi.  VIII.,  fig.  3)  may,  from  the  large  size  of  the 
premolars,  be  j^retty  safely  referred  to  a male.  It  will  be  seen  from  the  dimensions 
that  in  this  specimen  pm.  3 and  pm.  4 are  much  larger  in  proportion  to  m.  1 than  in  N. 
andamanensis ; this  being  especially  marked  in  the  case  of  pm.  3,  whose  length  exceeds 
that  of  m.  1,  instead  of  being  considerably  less  : both  premolars  are  relatively  much 
wider  than  in  the  existing  species  ; but  pm.  3 appears  to  have  been  inserted  by  two 
roots  only.  It  seems  that  the  accessory  inner  column  [a)  found  in  pm.  4 of  8.  titan 
(pi.  VII.,  fig.  4)  is  developed  in  the  corresponding  tooth  of  the  present  species.  In 
some  of  the  specimens  figured  in  the  “F.A.S.”  the  premolars  are  relathmly  smaller  ; 
whence  it  is  not  improbable  that  those  specimens  belonged  to  females.  The  true 
molars  are  very  similar  in  structure  and  proportionate  size  to  those  of  8.  andamanensis, 
but  the  crowns  are  somewhat  lower  ; and  the  talon'  of  m.  3 has  its  posterior  portion 
[b,  c)  more  distinctly  separated  from  the  middle  accessory  column  (a).  In  the  jaw 
referred  to  a male  the  molars  are  relatively  rather  wider  ; but  this  is  not  the  case 
with  some  of  the  specimens  figured  in  the  “ F.A.S.,”  which  may  belong  to  females. 
Very  similar  differences  obtain  between  the  fossils  and  the  lower  molars  of  8.  papuensis. 

In  the  specimen  represented  in  plate  VIII.  j %•  3,  the  depth  of  the  jaw  and  tlie 
length  of  m.  1 and  m72  is  almost  exactly  the  same  as  in  the  jaw  of  8.  cristatus 
measured  on  page  73 ; but  the  width  of  these  two  teeth  is  considerably  greater  in 
the  fossil  5 while  the  length  of  mTh  is  much  less,  and  that  of  pm.  3 and  pm.  4 as  much 

1 A last  lower  molar  of  S.  andamanensis  is  figured  on  an  enlarged  scale  by  Rolleston,  op.  cit.,  pi.  XLIII.,  fig.  8. 
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greater.  This  specimen,  therefore,  indicates  an  animal  as  large  as  S.  cristatus  ; but 
other  specimens  scarcely  exceed  the  size  of  S.  anclamanensis. 

In  its  relatively  large  hinder  premolars  the  mandible  represented  in  plate  VIII., 
fig.  3,  is  like  that  of  S.  porcus^  ; but  pm.  3 is  longer,  instead  of  shorter,  than  pm.  4 in 
the  fossil ; and  the  two  preceding  teeth  are  well  developed.  In  the  large  size  of  the 
hinder  premolars  in  both  jaws  the  fossil  is  distinguished  from  S.  vittatus  as  markedly 
as  from  the  S.  anclamanensis  group. 

In  plate  VIII.,  fig.  5,  there  is  represented  a fragment  of  the  right  ramus  of  the 
mandible  of  a young  pig,  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab, 
containing  the  last  milk-molar  (mm.  4)  in  a half  worn  condition,  and  m.  1 in  an  early 
stage  of  wear : from  the  size  of  the  latter  tooth  the  specimen  may  be  referred  to 
the  present  species.  The  milk-molar  agrees  very  closely  with  the  same  tooth  in  a 
young  English  domestic  pig.  In  fig.  6 of  the  same  plate  there  is  represented  the 
corresponding  portion  of  a left  ramus,  obtained  by  Mr.  Theobald  from  the  Siwaliks 
of  Kushalghar,  below  Attock,  containing  the  homologous  teeth.  The  milk-molar  is 
broken  and  very  much  worn  : m.  1 is  slightly  smaller  than  in  the  last  specimen,  and 
indicates  a small  individual  of  the  species.  In  fig.  8 of  the  same  plate  there  is 
represented  a fragment  of  the  right  ramus  of  the  mandible  of  an  extremely  young 
individual,  also  from  the  Siwaliks  of  the  Punjab,  containing  the  third  and  fourth 
milk-molars  in  an  unworn  condition.  The  dimensions  of  the  teeth  of  the  three 
specimens  described  above  (taken  in  the  same  order)  are  given  in  the  following  table, 
viz.'. — 

Length  of  mm.  3 0’46 

,,,,,,  4 0-68  0-72 

Width  ,,,,,,  0-34  0-32  0-36 

Length  ,,  m.  1 0-61  0'58 

Width  ,,,,,, 0'44  0-41 

Specific  distinctness  and  affinities. — The  foregoing  comparisons  indicate  that  the 
present  form  is  specifically  distinct  from  any  existing  pig,  and  that  it  appears  to  be 
most  nearly  allied  to  the  S.  anclamanensis  group  ; but  is  distinguished  from  the  living- 
representatives  of  that  group,  among  other  characters,  by  the  proportionately  larger 
and  stouter  premolars,  and  the  wider  and  lower-crowned  molars  of  the  male  sex  ; 
most  individuals  of  which  were  of  larger  size  than  the  existing  species.  In  the  form 
of  the  premolars  it  shows  some  affinity  to  the  African  river-hogs. 

Turning  to  the  previously  described  Siwalik  species,  the  present  form  is  at  once 
sufficiently  distinguished  from  8.  falconeri  by  its  much  simpler  last  molars.  In  the 
structure  of  its  cheek-teeth  it  is  much  nearer  to  8.  titan,  but  is  sufficiently 
distinguished  by  its  greatly  inferior  size.  The  last  upper  molar  (pi.  VIII.,  fig.  10)  is 
of  the  same  general  form  as  that  of  8.  titan  (pi.  VII.,  fig.  6),  but  the  hinder  part  of  the 
talon  {h)  is  narrower,  the  valleys  are  less  open,  the  accessory  columns  in  the 
neighbourhood  of  the  talon  more  numerous,  and  the  enamel  thrown  into  a greater 
number  of  corrugations.  The  lower  molars  of  the  two  are  likewise  very  similar 

1 Vide  Eiitimeyer,  op.  oil. 
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(pi.  VIII.,  fig.  3,  and  pi.  VII.,  fig.  4),  but  it  is  difficult  to  compare  them  exactly, 
owing  to  their  different  degrees  of  wear.  The  talon  of  m.  3 of  the  present  form 
seems  to  have  had  lower  columns,  less  distinctly  separated  from  one  another,  than  in 
S.  titan.  In  no  individuals  of  the  latter  w^ere  tlie  hinder  lower  premolars  relatively 
as  narrow  as  in  some  (female)  individuals  of  the  present  form.  From  N.  giganteiis  the 
present  form  is  equally  well  distinguished  by  its  inferior  size.  The  last  upper  molar 
of  that  species  (pi.  XI.,  fig.  2)  has  no  sign  of  the  cingulum  Avhich  is  so  conspicuously 
developed  in  the  corresponding  tooth  of  the  present  form  ; and  the  first  and  second 
molars  are  usually  still  Avider  in  proportion  to  their  length.  Finally  the  teeth  of  the 
loAver  jaAv  provisionally  assigned  to  that  species  (pi.  XI.,  fig.  1)  are  of  a totally 
different  type  from  those  of  the  present  form. 

It  may  accordingly  be  taken  as  pretty  evident  that  the  present  form  is  specific- 
ally distinct  from  either  of  the  three  species  of  SiAvalik  pigs  already  described,  and 
it  now  remains  to  compare  it  wdth  the  fossil  species  of  Europe.  It  will  probably 
suffice  to  state  that  the  forms  coming  nearest  to  the  SiAvalik  fossil  are  those  grouped 
in  the  table  on  pp.  51-2  under  the  names  of  S.  chceroides.^  S.  lochharti,  and  N. 
'palceoclmrus.  The  lower  jaAv  figured  by,  Kaup(  under  the  latter  name  in  having 
relati\^ely  large  premolars  is  A^ery  similar  to  the  specimen  rejDresented  in  ]3late  VIII., 
fig.  3 : its  m.  i and  m.  2 are,  however,  rather  more  elongated,  but  as  this  character  is  not 
constant  in  the  specimens  referred  to  the  present  species  it  cannot  be  regarded  as  of 
specific  value.  The  last  upper  molar  of  the  same  species  figured  by  Kaup^  is  also 
A’ery  similar  to  the  corresponding  tooth  of  the  specimen  in  plate  VIII.,  fig.  10, 
although  its  talon  is  placed  directly  in  the  median  line.  The  above-mentioned 
specimens  come  nearer  to  the  Siwalik  form  than  any  others  which  have  come  under 
the  present  writer’s  notice  ; and  the  resemblance  is  indeed  so  close  that  it  appears 
quite  possible  that  the  tAVO  may  be  specifically  identical.  Bearing  in  mind,  hoAvever, 
the  extreme  difficulty  of  distinguishing  allied  species  of  the  genus  from  the  characters 
of  their  molars,  it  Avould  be  rash  to  say  that  the  European  and  Indian  forms  are  the 
same  ; and  it,  therefore,  seems  best  that  the  name  of  S.  ligmdricu^  should  be,  at  least 
provisionally,  retained  for  the  latter. 

Distribution. — Remains  referable  to  8.  hgsudricus  have  been  obtained  from  the 
typical  SiAvalik  Hills,  from  the  SiAvaliks  of  the  Punjab  and  Perim  Island,  and  from 
the\lower  Swaliks  of  Sind.  I’lie  latter  circumstance  is  of  importance,  since  it  is 
from  the  western  side  of  India  that  sj^ecies  closely  connected  Avith  European  forms 
usually  occur. 

Species  5 : Sus  punjabiensis,  nobis. 

History. — In  1878  the  present  AvriteP  gave  a preliminary  description  of  a 
fragment  of  the  mandible^  of  a small  Siwalik  pig,  which  was  referred  to  a new 
species  under  the  above  name. 

1 “Beitriige,”  pt.  IV.,  pi.  A''!.,  figs.  1,  la.  2 Ibid,  fig.  2. 

3 The  name  S.  palxochcertis  was  published  in  1833,  and  S.  hysudriciis  in  1847.  4 ‘ Records,’  vol.  XI.,  p.  81. 

5 In  the  original  notice  two  specimens  are  mentioned  ; the  second  (pi.  VIII  , fig.  6)  belongs,  however,  to  a young 
individual  of  5.  hysudricus. 
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Mandible. — The  dentition  of  the  above-mentioned  mandible  is  represented  in 
plate  VIII.,  tig’s.  9,  9a.  The  specimen,  which  was  obtained  by  Mr.  Theobald  from 
the  Snyaliks  of  Asnot,  consists  of  the  hinder  dental  portion  of  the  left  ramus,  and 
contains  the  three  true  molars  ; of  which  the  first  is  well-worn,  and  the  third  only 
touched  on  its  anterior  columns.  The  dimensions  of  the  specimen  are  as  follows, 


Length  of  three  molars 

1-46 

Width  of  m.  2 . 

0-35 

,,  ,,  m.  1 . . ... 

0-32 

Length,,  ,,  3 . 

0-61 

Width 

0-29 

Width 

0-38 

Length  „ 2 

0-49 

Depth  of  jaw  at  ditto 

0-69 

The  condition  of  the  teeth  shows  that  the  specimen  belonged  to  an  adult 
animal ; and  if  the  foregoing  dimensions  be  compared  with  those  of  the  mandible  of 
N.  hjsudricus  given  on  page  80,  it  will  be  seen  that  the  present  specimen  is  so  much 
smaller  than  the  smallest  individual  of  that  species,  that  on  this  ground  alone  there 
would  be  every  reason  for  referring  the  former  to  a distinct  species.  There  are, 
however,  such  differences  in  the  last  molars  as  to  render  the  distinctness  of  the  two 
beyond  reasonable  doubt.  In  m.  3 of  the  present  form  the  talon  is  relatively  much 
shorter  and  higher  than  in  S.  hysudriciis  {compare  plate  VIII.,  figs.  9a,  3a) ; its  length 
being  less,  instead  of  exceeding,  that  of  the  second  main  column  ; and  its  height 
being  nearly  equal  to  the  latter.  All  the  columns  of  the  tooth  are,  moreover, 
relatively  higher  in  the  present  specimen,  and  they  are  more  closel}^  squeezed 
together.  These  differences  in  form  and  size  are  of  such  importance,  as  to  leave  no 
reasonable  doubt  of  the  sj^ecific  distinctness  of  the  ju'esent  minute  form  from  N. 
hysiidricus  ; and  it  is  quite  evident  that  it  cannot  belong  to  either  of  the  other  larger 
Siwalik  species.^ 

The  present  specimen  agrees  very  closely  in  size  Avith  the  mandible  of  S. 
salvanius^ ; but  is  distinguished  by  the  earlier  protrusion  of  mTS  (which  is  exception- 
ally late  in  the  jDigmy-hog),  and  by  m.  l and  m.  2 being  relatively  AAudeN  : the  pattern 
on  the  worn  crowns  is  very  similar  in  the  two  forms.  All  other  existing  species  are 
of  far  larger  size.  Of  the  fossil  species  mentioned  on  pp.  51-2  apparently  the  only 
one  approaching  in  size  to  the  present  form  is  S.  valentini,  Avhich  is,  hoAvever,  still 
larger.  The  lower  jaw  of  that  species  is  unknoAvn  ; but  judging  from  the  description 
of  the  upper  teeth  it  is  unlikely  that  it  should  be  specifically  the  same  as  the  jn’esent 
form. 

Distinctness  and  affinities. — It  appears,  therefore,  that  the  present  specimen 
indicates  the  existence  in  the  Siwaliks  of  a diminutive  sj)ecies  of  pig,  not  larger  than 
the  existing  pigmy-hog  of  the  Nepal  terai.  As  it  cannot  be  identified  with  that 
species,  and  is  apparently  smaller  than  any  other  described  form,  it  may  be  regarded 
as  specifically  distinct,  and  may  be  known  as  N.  punjabiensis. 

1 The  distinction  between  the  specimen  and  Sanitherium  uhlaginiweiti  {Sus  piisillus,  Falc.)  will  be  noticed  under  the  head 
of  that  species. 

2 Brit.  Mus.,  No.  B.  1077a. 

3 The  second  molar  of  the  fossil  is  both  shorter  and  wider  than  iE72  of  the  existing  species. 
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That  jS.  'punjabiensis  may  be  regarded  as  the  ancestor  of  S',  salvanius  is  highly 
probable,  both  from  its  occurrence  in  the  same  country,  from  its  size,  and  from  the 
circumstance  that  in  its  lower  molars  it  presents  evidence  of  being  a somewhat  more 
generalized  form. 

The  existence  of  the  present  pig,  which  was  not  larger  than  a hare,  side  by 
side  with  the  larger  race  of  the  colossal  S.  titan  {compare  pi.  VII.,  tig.  3,  ivitli  m.  3 of 
plate  VIII.,  tig.  9),  which  rivalled  the  hippopotamus  in  size,  is  .very  noteworthy,  and 
indicates  very  clearly  the  luxuriance  of  the  mammalian  life  of  the  Siwalik  e^^och. 

Undetermined  Specimens. 

Part  of  mandible  from  the  Punjab. — In  tigs.  4,  4a  of  plate  VIII.  of  this  volume 
there  are  given  two  views  of  the  symphysial  extremity  of  the  left  ramus  of  the 
mandible  of  a large  jiig  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  village  of 
Asnot,  Punjab,  which  does  not  agree  with  any  of  the  specimens  described  above. 
The  fragment  shows  the  broken  canine,  the  bases  of  pm.  1 and  pm.  2,  and  the  complete 
pm.  3 and  pm.  4 : the  last  tooth  alone  is  slightly  worn.  The  triangular  section,  and 
comparatively  large  size  of  the  canine  indicates  that  the  specimen  belonged  to  a 
male.  The  first  premolar  is  nearly  as  long  as  the  second,  and  is  closely  approximated 
both  to  the  latter  and  to  the  canine,  so  that  there  is  scarcely  any  diastema.  The 


dimensions  of  the  specimen  are  as  follows,  vis.: — 

Interval  between  canine  and  pm.  2 . . 0’86  Width  of  pni.  3 .....  0 5 

,,  ,,  pm.  1 and  pm.  2 . . 02  Height,,  ,,  ,,  0‘91 

Length  of  pm.  1 (alveolus)  . . . 0'55  Length,,  ,,  ,,  0'81 

,,  ,,  ,,  2 (ditto)  ....  0-61  Width,,  ,,  ,,  .....  0-76 

,,,,,,  3 0-92  Long  diameter  of  canine  ....  0‘85 


This  jaw  differs  from  the  mandible  of  8.  titan  figured  in  plate  IX.  by  the  large 
size  of  pm.  1 and  by  the  shortness  of  the  interval  between  that  tooth  and  pm.  2 ; and 
from  the  mandibles  of  the  same  species  represented  in  plates  VII.,  fig.  4,  and  VIII., 
fig.  1,  by  the  absence  of  the  inner  column  {a)  in  pm.  4,  which  is  constantly  present  in 
all  the  known  jaws  of  that  species.  The  two  last  premolars  are  very  different  from 
the  corresponding  teeth  of  the  mandible  figured  in  plate  XI.,  fig.  1,  under  the  name 
of  8.  giganteus  ; this  difference  being  especially  marked  in  the  case  of  pm.  3.  These 
differences  are  so  great  that  it  may  be  pretty  safely  concluded  that  the  specimen 
does  not  belong  to  either  of  the  two  species  mentioned.  The  above-mentioned  teeth 
are  of  the  same  general  form  as  those  of  the  female  mandible  of  8.  falconeri 
represented  in  plate  VII.,  fig.  1,  but  are  of  very  much  larger  size  : in  that  specimen 
pm.  1 is  of  relatively  smaller  size  than  in  the  present  jaw,  and  is  separated  by  a 
considerable  interval  from  2.  In  the  male  lower  jaw  of  that  species  figured  by 
Baker  and  Durand,^  the  dimensions  of  the  premolars  are  as  follows,  viz.: — 

First  preinolar  .....  0’35X0’2  Third  premolar  .....  0'62X0‘36 

Second  ditto  .....  0'5  XO'27  Fourth  ditto  .....  0'7  X0’51 

It  appears  from  these  dimensions  that  the  teeth  are  considerably  smaller  than 


1 Op,  cit.,  plate  XXXV.,  fig.  3. 
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those  of  the  present  specimen ; pm.  i being  also  smaller  as  compared  with  pm.  2,  and, 
judging  from  the  figure,  being  separated  by  a considerable  interval  from  that  tooth. 

The  present  specimen  is  of  far  too  large  a size  to  have  belonged  to  either  of  the 
other  two  species  of  Siwalik  pigs.  It  requires,  however,  the  evidence  of  the  true 
molars  before  it  can  certainly  be  determined  that  it  does  not  belong  to  a large  race 
of  S.  falconeri,  but  it  is  highly  probable  that  it  does  not.  Should,  however,  later 
discoveries  indicate  that  it  does  belong  to  that  species,  then  there  will  be  good 
evidence  that  a few  individuals  of  the  latter  ranged  into  the  Punjab.  If,  as  seems 
probable,  it  is  specifically  distinct  from  S.  falconeri,  the  present  specimen  indicates  a 
sixth  species  of  Siwalik  pig. 

Mandible  from  the  iNarhadas. — In  plate  LXX.,  figs.  8,  8a,  of  the  “ F.A.S.”  there 
is  represented  under  the  name  of  8.  giganteus  the  nearly  complete  mandible  of  a jjig 
from  the  Narbadas,  which  is  now  in  the  British  Museum  (No.  36,843).  The  whole 
of  the  teeth  are  preserved,  m.  3 being  in  an  early  stage  of  wear,  although  fully 
protruded : the  small  size  of  the  canines  probably  indicates  that  the  specimen 


belonged  to  a female.  Its  dimensions  are  as  follows,  viz.: — 

Length  of  last  five  teeth  . . . . 4 '6  Length  of  m.  2 1-0 

,,  ,,  three  true  molars  ...  3-4  Width  ,,,,,, 0-72 

,,  ,,  pm.  3 0-64  Length  ,,  ,,  3 1-7 

,,  ,,  m.  1 0-69  Width  0-89 

Width  0'53  Long  diameter  of  canine  ....  0’75 

Length  of  symphysis 1-0 


These  dimensions  indicate  an  animal  of  about  the  size  of  the  female  of  8. 
falconeri,  and  it  is  evident  from  the  structure  of  the  cheek-teeth  that  it  is  only  with 
that  species  among  the  Siwalik  forms  that  the  specimen  can  be  compared.  In 
specimens  of  8.  falconeri  with  the  teeth  in  about  the  same  stage  of  wear  mTiJ  and  m 3 
are  usually  longer  and  narrower  ; and  the  complexity  of  the  pattern  on  their  worn 
surface  appears  decidedly  greater.  The  inner  columns  of  the  molars  of  the  Narbada 
jaw  apparently  have  their  inner  surfaces  less  flattened  : but  the  talon  of  m.  3 seems  to 
have  the  same  number  of  columns,  although  these  are  relatively  smaller.  The 
incisive  alveoli  of  the  specimen  are  less  depressed  below  the  level  of  the  molar 
series  than  in  8.  falconeri,  and  the  inferior  border  of  the  symphysis  is  inclined  more 
rapidly  upwards.  Although  these  differences  appear  comparatively  slight,  yet  it  is 
not  improbable  that  they  may  be  of  specific  value  ; and  it  is  highly  likely  that  the 
fossil  pig  of  the  Narbadas  may  have  been  more  closely  related  than  any  of  its 
Siwalik  congeners  to  existing  Asiatic  species  like  8.  cristatus. 

Genus  II. : HIPPOHYUS,  Falc.  and  Caut.^ 

The  history  of  the  genus  is  given  under  the  head  of  the  species. 

Species : Hippohyus  sivalensis,  Falc.  and  Caut. 

Synonym.  8us  [Rippohyus)  sivalensis,  Falc.  and  Caut. 

Bistory. — Apparently  the  first  published  mention  of  this  genus  and  species 
occurs  in  Sir  R.  Owen’s  “Odontography”^  (1840-5),  where  an  upper  molar  is 

1 In  Owen’s  “ Odontograpliy,”  p.  562  (1840-5).  It  seems  test  on  the  whole,  as  in  the  analogous  case  of  Byanarcton,  to 
authenticate  the  genus  as  above  ; it  might,  however,  be  given  as  ‘ Owen  (e»  Falc.  and  Caut.),’  in  which  case  the  same  would 
have  to  be  done  with  HyKnarctos.  2 Loc  eit. 

N 
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figured^  under  tlie  name  of  Ilippohjus  sivalensis,  which  was  probably  at  that  time  a 
manuscript  name  of  Falconer  and  Cautley’s  ; and  it  is  stated  that  the  structure  of 
the  upper  molars  makes  an  approach  to  that  of  the  same  teeth  in  the  hippopotamus.^ 
In  the  8th  part  of  the  “Fauna  Antiqua  Sivalensis  (1847)  a skull  and  three 
fragments  of  the  mandible  are  figured  under  the  name  of  Sus  ( lUppohjus)  sivalensis  ; 
while  in  the  notice  of  the  Siwalik  fauna  in  the  “ Paleontological  Memoirs,”^ 
compiled  from  Falconer’s  notes  and  letters,  Ilippohyus  is  alluded  to  as  a distinct 


genus.  It  thus  seems  doubtful  whether  this  name  was  intended  by  its  founders  to  be 
used  in  a generic  or  subgeneric  sense  : the  peculiar  character  of  the  dentition  leads, 
however,  to  the  conclusion  that  it  should  be  used  in  the  latter  sense,  although  there 
are  not  wanting  signs  of  a transition  from  this  genus  to  S us.  Beyond  the  brief 
notice  by  Sir  R.  Owen  no  description  of  the  type  species  has  ever  been  published. 
The  present  writer  has  recorded®  the  occurrence  of  the  genus  in  the  Siwaliks  of  the 
Punjab,  and  indicated  the  ^possibility  of  some  of  these  remains  belonging  to  a 
second  sjDecies. 

Cranium  and  upper  dentition. — Three  views  (!■)  of  the  type  cranium,  which  is  in 
the  British  Museum,  are  given  on  plate  LXX.  of  the  “ F.A.S.,”  and  the  dentition  of 
the  right  side  (reversed)  is  represented  of  the  full  size  in  fig.  1 of  the  succeeding 
plate.  With  the  exception  of  the  loss  of  the  zygomatic  arches,  the  extremity  of  the 
premaxillse,  and  a portion  of  the  occiput,  the  specimen  is  in  excellent  preservation  : 
it  shows  the  alveoli  of  three  incisors,  of  the  canine,  and  of  the  first  and  second 


premolars  ; the  remaining  five  teeth  are  in  position,  but  m.  3 is  not  fully  protruded, 
which  indicates  the  sub-adult  condition  of  the  specimen.  In  the  following  table  its 
dimensions  are  compared  with  those  of  a male  skull  of  Bus  andamanensisj  viz.: — 


From  occipital  condyle  to  anterior  border  of  incisive  alveolus 

Uippohyus. 

9-0 

Sus. 
8 9 

, , lower  border  of  foramen  magnum  to  posterior  border  of  palate 

2-3 

2-4 

, , posterior  border  of  palate  to  posterior  border  of  incisive 

foramen 

5-4 

5-16 

Transverse  diameter  of  both  condjdes 

1-88 

1-56 

Length  of  palate  .... 

6-3 

6-2 

,,  ,,  series  of  cheek-teeth  . 

4-3 

3-54 

,,  ,,  palate  in  front  of  pm.  1 

1-9 

2-61 

Width  of  intermolar  space  at  m.  2 

1-2 

0-88 

,,  ,,  palate  at  canines 

105 

10 

»»  »>  n ^ 

0 7 

0-6 

Length  of  three  true  molars 

2-7 

2-2 

Interval  between  pm.  1 and  pm.  2 

0-2 

0-0 

Length  of  pm.  3 .... 

0-5 

0-4 

Width  „ ,,  ,,  ...■■. 

0-4 

0-33 

Length  „ ,,  4 

0-5 

0-44 

Width  ,,,,,, 

0-5 

0-45 

Length  ,,  m.  1 

0-6 

0-57 

Width  

0'6 

0-48 

Length  ,,  ,,  2 

0-9 

0-7 

Width  .... 

0-8 

0-58 

Length  „ ,,  3 

1-15 

0-95 

Width  ,,,,,,  • > • 

0-8 

0-61 

Interval  between  i.  3 and  pm.  3 

0-6 

1-30 

1 Plato  CXL.,  fig.  7. 

2 It  is  very  doubtful  wbether  the  name  Uippolnjus  was  intended  to  indicate  affinity  with  the  hippopotamus,  or  with  the 
horse  ; to  the  molars  of  the  latter  of  which  those  of  this  Siwalik  pig  present  a distant  resemblance  in  the  pattern  of  their 
grinding  surface. 

3 Pis.  LXX.,  LXXI. 


4 Vol.  I.,  p.  22. 


5 ‘ Records,’  vol.  XI.,  p.  82. 
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The  general  form  of  the  skull  is  essentially  that  of  a pig:  the  frontals  are, 
however,,  unusnall}^  flat,  and  the  nasals  wide ; while  the  contour  of  the  masticating 
surface  of  tlie  series  of  cheek-teeth  is  more  convex  than  in  any  pig : the  palate 
extends  a considerable  distance  behind  m.  3.  The  foregoing  dimensions  show  that  in 
general  size  the  Siwalik  skull  belonged  to  an  animal  considerably  larger  than  the 
Andamanese  pig ; althougli  in  some  of  its  dimensions  it  is  smaller  than  the  latter. 
Thus  the  portion  of  the  palate  in  front  of  pm.  1 is  very  considerably  smaller  than  in 
8.  andamanensis  ; indicating  that  this  part  of  the  skull  is  considerably  shorter  in 
proportion  to  the  portion  behind  pm.  1 than  in  that  species  of  Stis,  wliich  is  one  of 
those  having  relatively  short  nasals.  This  shortness  is  caused  by  the  small  size  of 
the  canine  (the  alveolus^  of  which  is  not  larger  than  that  of  ^),  and  the  absence  of 
any  diastema  between  it  and  ; the  presence  of  which  forms  such  a marked  feature 
in  all  species  of  8us.  The  canine  was  evidently  a small  incisor-like  tooth,  which  did 
not  project  outwardly  beyond  the  incisors.  The  third  incisor  (i.  3)  is  larger  than  in 
8us,  and  is  in  close  apposition  to  the  preceding  tooth : bj  is  larger  than  eitlier  of 
the  other  teeth  of  that  series.  In  all  these  distinctive  points  the  Siwalik  skull  agrees 
precisely  with  Hyotheriimd  The  anterior  portion  of  the  palate  is  vaulted,  as  in  that 
genus  and  Bus  ; but  the  anterior  palatine  foramina  are  apparently  somewhat  smaller 
than  in  either  of  those  genera,  and  thereby  make  some  approach  to  Dicotyles. 

In  the  Indian  Museum  there  are  two  imperfect  crania  (Nos.  B.  62,  63),  collected 
by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab,  agreeing  in  all  essential  points 
with  the  type  specimen.  The  second  of  these  specimens  shows  the  excessive  width 
of  the  nasals,  and  the  extremely  small  size  of  the  alveolus  of  the  canine  : tlie  length 
of  the  series  of  cheek-teeth  is  only  3‘9  inches;  and  it  is  possible  that  these  specimens 
may  indicate  a smaller  race,  or  even  species. 

The  upper  cheek-dentition  is  described  by  Sir  R.  OweiP  in  the  following  words : 
“Each  upper  true  molar  has  its  crown  cleft  by  the  common  or  crucial  valleys,  the 
transverse  one  passing  from  within  forwards  and  outwards.  Each  of  tlie  four 
principal  lobes  is  subdivided,  not  by  a vertical  central  depression,  but  by  a fold 
penetrating  its  anterior  and  posterior  margins : the  enamel  at  first  shows  additional 
minor  plications ; but  is  worn  down  progressively  to  the  simpler  pattern  above 
described  : the  outer  lobes  are  convex  externally.  The  first  premolar  is  very  small 
and  simple,  separated  by  an  interval  of  its  own  breadth  from  the  second  : both  this 
and  the  third  have  transversely  compressed  crowns,  the  fourth  has  a sub-trihedral 
crown.” 

In  plate  XII.,  fig.  17,  there  is  represented  a fragment  of  the  right  maxilla, 
collected  by  Mr.  Theobald  in  the  Siwaliks  of  Asnot,  showing  m.  2 and  m.  3,  and 
belonging  to  an  older  individual  than  the  type  specimen.  The  last  molar  is  fully 
protruded  and  partially  worn  ; and  m.  2 about  half  worn.  In  fig.  21  of  the  same 
plate  there  are  represented  the  corresponding  teeth  from  a palate  specimen,  also 

1 This  alveolus  is  the  hollow  immediately  in  advance  of  pm.  1 in  the  figure  in  plate  LXXI.,  fig.  1,  of  the  “ F.A  S.” 

2 E.g.  H.  waterhqusi,  vide  Eilhol.  ‘Ann.  Sci.  Geol.,’  vol.  XI.,  pi.  VI.  3 Op.  cit.,  p.  662. 
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collected  by  Mr.  Theobald  in  the  Punjab.  In  this  specimen  the  teeth  are  still  more 
worn  ; m.  2 being  reduced  to  a plain  surface  of  dentine,  and  m.  3 about  half  worn. 
There  is  another  very  similar  specimen  in  the  Indian  Museum  (No.  B.  G7),  from  the 


same  locality.  The  following  table  gives  the 
taken  in  the  same  order  : — 

dimensions  of  these  three  specimens. 

Length  of  m.  2 

0-9 

0-88 

0-77 

Width  ,,,,,,  

0-89 

0-86 

0-74 

Length  „ „ 3 

1-48 

1-43 

1-22 

Width  ,,,,,,  

0-99 

0-93 

0-79 

,,  ,,  intermolar  space  at  m.  2 

1-36 

1-34 

These  dimensions  are  so  near  to  one  another  that  all  the  specimens  may  be 
provisionally  classed  together,  although  it  is  not  impossible  that  they  may  belong  to 
more  than  one  species.  It  will  be  seen  from  the  figures  that  the  talon  of  m.  3 is 
relatively  short,  and  corresponds  with  that  of  the  homologous  tooth  of  S.  titan 
(pi.  VII.,  fig.  6) ; consisting  in  an  early  stage  of  wear  (pi.  XII.,  fig.  17)  of  a hinder 
portion  (^),  and  a median  column  (a).  The  same  figure  shows  the  correspondence 
between  the  other  portions  of  the  tooth  and  the  molar  of  S.  titan.  Thus  there  are 
in  each  tooth  four  main  columns  with  three  accessory  columns  (a,  y,  h)  in  the  median 
line  ; at  a later  stage  of  wear  (pi.  XII.,  fig.  21)  the  accessory  median  columns  unite 
with  the  inner  main  columns  (as  is  the  case  in  Sus),  and  produce  the  complicated 
pattern  characteristic  of  the  genus.  The  difference  between  the  molars  of  Hippohyus 
and  Sus  titan  consists  in  the  columns  of  the  former  being  taller,  more  elongated 
antero-posteriorly,  with  their  outer  walls  more  flattened,  and  the  foldings  of  the 
enamel  much  deeper  ; by  which  means  the  valleys  are  made  very  deep,  narrow,  and 
sinuous.  The  molars  of  S.  falconeri  (pi.  VII.,  fig.  5)'  are  in  some  respects  intermediate 
between  the  two,  and  easily  show  the  manner  in  which  the  transition  has  taken 
place.  The  third  molar  of  the  last-named  species  is  widely  distinguished  by  its  very 
comjDlex  talon ; and  the  columns  of  all  the  molar  teeth  have  been  more  squeezed 
together,  so  that  the  valleys  are  to  a great  extent  obliterated. 

3Iandible  and  lower  dentition. — In  plate  LXXI.,  figs.  2,  3,  4,  of  the  ‘‘F.A.S.h 
there  are  represented  three  fragments  of  the  mandible  and  lower  dentition  of  a pig- 
like animal,  which  from  the  structure  of  the  teeth  undoubtedly  belongs  to  the 
present  form.  The  first  specimen  shows  mTd  and  a part  of  m.  2 ; the  second  m.  1 and 
nhV,  the  former  much  worn  ; and  the  third  the  same  teeth  in  a less  worn  condition  : 
all  three  S23ecimens  came  from  the  Siwalik  Hills,  and  are  now  in  the  British  Museum. 
The  following  table  shows  the  dimensions  of  their  teeth,  viz.-. — 

Length  of  m.  1 .......  0'5  0'55 

Width  ,,,,,,  0'45 

Length  ,,  ,,  2 I'O  0-85 

Width  „ „ 0-63 

Length  ,,  ,,  3 1’45 

Width  „ „ „ 0-73 

In  plate  XII.,  fig.  3,  of  the  present  volume  there  are  represented  the  hinder  cheek- 
teeth of  the  right  ramus  of  a mandible  collected  by  Mr.  Theobald  in  the  Siwaliks  of 

1 In  the  upper  molars  of  S.  falconeri  the  letters  /,  g correspond  to  g,  h in  those  of  the  present  species. 
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Kolsa,  Punjab : the  corresponding  fragment  of  the  left  ramus  was  obtained  at  the  same 
time,  as  well  as  the  extremity  of  the  symphysis,  one  half  of  which  is  represented  in 
fig.  1 9 of  the  same  plate.  The  first  and  second  molars  are  much  worn,  and  m.  y is  about 
half  worn  down,  showing  that  the  specimen  belonged  to  an  aged  animal.  The  structure 
of  m.  3 sliows  that  the  specimen  belonged  to  the  present  form ; and  the  dimensions 
of  the  teeth  indicate  an  individual  of  about  the  same  size  as  that  to  which  the  upper 
molars  represented  in  fig.  17  belonged : the  great  width  of  the  teeth  probably 
indicates  that  the  specimen  belonged  to  a male.  In  fig.  18  of  the  same  plate  there 
is  represented  a fragment  of  the  left  ramus  of  a somewhat  similar  mandible,  from 
the  Punjab,  containing  a fragment  of  m.  2,  and  1^3  imperfect  on  the  outer  side : this 
tooth  is  almost  unworn,  and  from  being  slightly  smaller  and  relatively  rather 
narrower  than  the  corresponding  tooth  of  the  last  specimen  it  is  probable  that  the 
present  specimen  belonged  to  a female  individual.  In  figs.  20  and  4 of  the  same 
plate  there  are  represented  two  fragments  of  the  left  ramus  of  mandibles  of  a 
species  of  the  present  genus  ; also  from  the  Siwaliks  of  the  Punjab.  The  second  of 
these  specimens  contains  the  three  true  molars,  and  a fragment  of  pm.  4 ; whilst  the 
first  contains  m.  3 and  a part  of  m.  2,  these  teeth  being  rather  more  worn  than  in  the 
first  specimen.  The  teeth  of  the  specimen  represented  in  fig.  4 agree  in  relative  size 
with  those  of  one  of  the  small  crania  in  the  Indian  Museum  noticed  on  page  87 
(No.  B.  63),  and  from  the  great  difference  in  size  between  them  and  the  teetli  of  the 
specimen  represented  in  fig.  3 it  is  quite  possible  that  tlie  present  specimen  and  the 
crania  belong  to  a small  form,  which  may  be  specifically  distinct  from  H.  sivalensis. 
There  is,  however,  such  an  amount  of  variation  in  the  size  of  the  different  specimens, 
which  apparently  present  no  distinctive  structural  points,  that  nothing  would  be 
gained  by  attempting  to  separate  them.  The  dimensions  of  the  teeth  of  the  four 
specimens  described  above  (taken  in  the  same  order)  are  as  follows,  viz.\ — 


Length,  of  m.  2 

0-86 

0-71 

Width  „ „ „ . . 

0'7 

0-59 

0-5 

Length  „ 3 

1-77 

1-6 

1-35 

1-25 

Width  )))>)) 

CO 

o 

0-68 

0-6 

0-53 

In  structure  the  lower  molars  are  precisely  analogous  to  the  upper ; but  the 
talon  of  m73  is  perhaps  rather  larger  in  proportion  to  that  of  m.  3 than  is  usually  the 
case  in  true  pigs.  In  the  number  of  the  columns  composing  its  talon  m.  3 (pi.  XII., 
fig.  18)  corresponds  with  Sus  titan  (pi.  VII.,  fig.  4j  rather  than  with  8.  falconeri  [ibid^ 
fig.  2).  A comparison  of  the  figures  will  show  how  m.  3 is  formed  by  an  amplification 
of  the  plan  of  that  of  the  corresponding  tooth  of  8.  titan,  in  the  same  way  as  has 
been  shown  to  be  the  case  with  m.  3 5 the  tooth  of  8.  falconeri  being  in  some  respects 
intermediate. 

The  symphysis  belonging  to  the  first  of  the  foregoing  specimens,  of  which  the 
left  side  is  represented  in  fig.  19,  shows  the  three  incisors,  and  the  broken  bases  of 
the  canine  and  pm.  1 . The  latter  was  inserted  by  a compressed  conj  oint  fang,  and 
was  evidently  relatively  larger  than  in  Bus  ; it  is  separated  by  a very  short  interval 

both  from  pm.  2 and  the  canine.  The  canine  (c)  is  not  of  larger  diameter  than  the 

o 
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second  incisor,  and  its  crown  was  in  all  probability  not  produced  much  above  the 
level  of  the  incisors : it  is  in  immediate  contact  with  iTli,  the  base  of  the  latter  being 
indented  by  the  canine.  The  incisors  are  all  much  worn ; and  are  directed 
considerably  more  upwardly  than  in  Sus.  The  first  incisor  (i.  l)  is  a narrow 
compressed  tooth,  of  much  the  same  form  as  in  that  genus.  The  second  incisor  is 
much  larger  than  the  first,  and  its  crown  is  greatly  expanded  laterally  towards  the 
summit : in  general  form  it  is  more  like  the  corresponding  tooth  of  a ruminant  than 
of  Sus.  The  third  incisor  is  considerably  smaller  than  the  second,  but  had  a 
similarly  expanded  crown,  and  is  likewise  more  like  the  corresponding  tooth  of  a 
ruminant  than  a pig.  In  the  absence  of  any  diastema  the  present  specimen 
resembles  TTyotherium^ ; as  it  does  in  the  expanded  crown  of  175,  and  the  curved  form 
and  upward  direction  of  all  the  incisors.  The  large  size  of  172  and  its  expanded 
crown  are,  however,  characters  not  found  in  Ilyotherium ; and  are  very  decided 
ruminant  characters.  The  form  and  direction  of  the  incisors  clearly  indicates  that 
Hippohyus  was  an  animal  more  adapted  for  grazing  than  the  true  pigs  ; — a conclusion 
fully  borne  out  by  the  characters  of  the  molars. 

Affinities. — The  foregoing  comparisons  indicate  pretty  conclusively  that  the 
present  form  is  generically  distinct  from  Sus.  In  certain  cranial  characters,  and  in 
the  arrangement  of  the  teeth  the  genus  shows  strong  indications  of  affinity  with 
Hyotherium.  In  the  structure  of  its  molars  it  is,  however,  widely  different  from  that 
genus ; sj^ecies  of  Sus  with  comparatively  simple  molars,  like  S.  titan,  occujDying  in 
this  respect  a middle  position  between  Ilyotherium  and  Hippohyus.  The  true  molars 
present  a very  considerable  resemblance  to  those  of  Hippopotamus,  but  are  widely 
distinguished  by  the  equal  development  of  the  longitudinal  and  transverse  valleys, 
in  place  of  the  diminution  of  the  former  and  the  enlargement  of  the  latter.  There 
is  a distant  resemblance  to  the  molars  of  the  horse  in  those  of  the  present  genus, 
which  cannot,  however,  be  taken  to  indicate  any  affinity  between  the  two  : if  the 
generic  name  was  assigned  from  this  resemblance  it  is  a highly  objectionable  one. 

In  another  direction  the  molars  of  Hippohyus  make  a decided  approach  to  those 
of  some  of  the  selenodont  Artiodactyla.  Thus  if  the  upper  molars  of  simjfie 
selenodonts  like  Hemimeryx  or  Hyopotamus^  be  compared  with  those  represented  in 
plate  XII.,  fig.  17,  it  will  be  seen  that  the  plan  of  structure  is  essentially  the  same 
in  the  two  ; the  median  columns  a,  g,  h,  in  the  Hippohyus  molar  corresponding  to  the 
extremities  of  the  crescents  of  the  selenodont  tooth.  The  molars  of  Hippohyus  are, 
however,  less  like  those  of  the  ruminants  than  are  those  of  Hemimeryx,  and  are  of 
far  too  complex  structure  to  be  on  the  ancestral  line  of  that  genus  ; whence  it  is 
probable  that  Hippohyus  may  be  regarded  as  an  offshoot  from  a pig-like  stock  which 
has  died  out  without  descendants. 

Distribution. — Remains  of  Hippohyus  have  been  obtained  from  the  typical 
Siwalik  Hills  and  from  the  Punjab.  The  smaller  form  comes  solely  from  the 
Punjab. 

1 Vide  Filhol,  ‘ Ann.  Sci.  Geol.,’  vol.  XI.,  pp.  21-3,  pi.  VII. 


2 Supra,  vol.  II.,  pi.  XXIII. 
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Genus  III. : SANITHERIUM,  H.  von  Meyer. 

Species : Sanitherium  schlagintweiti,  H.  von  Meyer. 

Syn.  jSus  pusillus,  Falconer. 

Mandible. — This  genus  and  species  are  founded  on  some  fragments  of  the 
mandible  and  lower  molars  of  a small  pig-like  animal,  obtained  from  the  Siwaliks  of 
Kiishalghar,  Punjab,  which  have  been  already  described  and  figured  in  the  first 
volume.^  One  of  these  specimens  (the  original  of  Sus  pusillus  of  Falconer)  has, 
however,  been  refigured  in  plate  VIII.,  fig.  7,  of  this  volume  in  order  to  show  its 
distinctness  from  the  mandible  of  Sus  punjabiensis  (ibid,  fig.  9),  with  Avhich  it  agrees 
very  closely  in  size.  The  specimen  consists  of  a fragment  of  the  right  ramus, 
containing  the  third  true  molar  in  an  early  stage  of  wear,  of  which  the  anterior 
columns  have  been  broken  off.  It  will  be  seen  that  this  tooth  differs  from  the  last 
molar  of  Sus  punjabiensis  by  the  presence  of  a distinct  cingulum  on  the  outer  side 
of  the  second  main  outer  column ; and  by  the  very  large  development  of  the  two 
hind  columns  {b,  c)  of  the  talon,  as  well  as  by  the  union  of  the  median  accessory 
column  (a)  with  the  outer  main  column  of  the  tooth  ; the  other  median  accessory 
column  (e)  being  likewise  united  with  the  same  main  column.  A comparison  of  the 
Sanitherium  molar  with  the  corresponding  teeth  of  Bippohyus  figured’ in  plate  XII. 
will  show  that  in  all  these  respects,  as  well  as  in  the  compression  of  the  main  inner 
columns,  there  is  a much  closer  resemblance  between  the  two  than  there  is  between 
Sanitherium  and  Sus.  The  tooth  of  liippohyus  is,  however,  unprovided  with  the 
cingulum  which  forms  such  a marked  feature  in  Sanitherium. 

These  comparisons  indicate  that  the  latter  genus  (as  far  as  the  very  slight 
materials  on  which  it  is  founded  admit  of  its  characters  being  defined)  is  more 
nearly  allied  to  Hippohyus  than  to  Sus. 

Genus  IV. : HYOTHEEIUM,  H.  von  Meyer. 

Syn.  Amphichoerus,  Brav.  (?)  MSS. ; Cheer omorus,  Gervais,  ex  Lartet,  MSS.; 

Cheer  other  ium,  Lart.;  Baleeochoerus,  Pom. 

Synonomy. — The  name  Byotherium'  was  applied  in  1834  by  H.  von  Meyer’  to  B. 
soemmeringi.  In  1846  PomeP  founded  the  genus  Palceochoerus,  with  the  two  species 
P.  typus  and  P.  major.  In  1851  the  name  Cheerotherium  was  ajDplied  by  LarteP  to 
several  species,  one  of  which  was  named  C.  sansaniense ; and  apparently  about  the 
same  time  Lartet’s  manuscript  name  Choeromorus  was  employed  by  Gervais^  for  two 
forms  which  he  named  C.  simplex  and  C.  mammilatus.  The  name  AmphieJmrus, 
Bravard,  is  applied  to  certain  specimens  in  the  British  Museum.  In  1859  Gervais® 

1 Page  76  (58),  pi.  IX.,  figs.  6-9.  2 “Die  fossile  Zahne  und  Knociien.  von  GeorgensmUnd,”  p.  43,  pi.  II. 

3 ‘ Bull.  Soc.  Geol.  France,’  2nd  ser.,  vol.  IV.,  p.  381,  pi.  IV.  4 “ Notice  sur  la  Colline  de  Sansan,”  p.  32. 

5 “ Zool.  et  Pal.  Fran9  ,’  1st  ed.  (1848-52),  p.  198,  note  1 ; and  explanation  of  plate  XXXIII.,  p.  7. 

6 Ibid,  2nd  ed.,  p.  182. 
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came  to  the  conclusion  that  all  the  above-mentioned  names  were  really  synonymous ; 
and  adopted  the  name  Hyotheriiim,  which  has  the  priority.  The  same  view  was 
subsequently  adopted  by  Peters^ ; but  Prof.  Gaudry^  retains  the  two  genera 
Byotlierium  and  Palceochoeriis ; although  admitting  that  there  is  practically  no 
distinction  between  them.®  The  former  view  will  be  adopted  in  this  memoir. 

Number  of  species. — There  is  such  utter  confusion  in  the  species  of  the  genus 
that  without  an  actual  comparison  of  all  the  types  it  is  imjDOssible  to  arrive  at  any 
satisfactory  conclusion  ; and  the  following  list  of  the  non-Indian  forms  must  be 
regarded  as  purely  provisional : the  most  doubtful  species  are  indicated  by  an 
asterisk. 

*1.  Hyothekium  medium,  H.  Meyer.^  Miocene,  Germany. 

An  insufficiently  described  species,  whose  claim  to  distinction  is  considered  very  doubtful 
by  Peters.’’ 

2.  Hyothekium  meissneri,  H.  Meyer.®  Miocene,  Germany. 

Chceropotamus  meissnefi,  Meyer'^  (1834).  Siis  meissneri,  Kaup.s 

A species  nearly  equal  in  size  to  H.  typus  (with  which  it  is  identified  by  Peters®  ) ; but 
apparently  distinguished  by  its  more  elongated  upper  true  molars,  in  which  the 
cusps  are  less  distinct  than  in  that  species. 1®  The  lower  jaw  figured  by  Gervaisi^ 
under  the  name  of  Chceromorus  simplex,  and  referred  by  Peters  to  the  present  species, 
is  apparently  distinct  from  the  type  mandible  of  H.  meissneri.  If  H.  meissneri  and 
H.  typus  are  really  synonymous  the  former  name  has  the  priority.^® 

*3.  Hyothekium  minimum^®  (Cuv.).  Miocene,  France. 

Sus  lepiodon,  Pom.  {teste  Gastaldi). 

(.?)  H.  cuvieri,  Pet.  Anthracotherium  minimum,  Cuv. 

This  species  is  referred  to  Hyotherium  on  the  authority  of  Gervais,!"*  who  figured  a 
lower  jaw  belonging  to  an  animal  rather  larger  than  a peccary  : the  molars  seem  to 
have  a tendency  to  a selenodont  structure  which  is  wanting  in  other  forms.  It 
appears  that  Peters^^  confused  this  ?,Y>ec\&s  with  Anthi'acotherium  minutu7n,  Blain.^®; 
since  when  mentioning  that  name  he  refers  to  Gervais’  figure  of  H.  (A.)  minimum. 
In  the  mandible  figured  by  Gastaldi  the  columns  appear  more  conical. 

1 ‘Denschr.  k.  Ak.  Wiss.,’  vol.  XXIX.,  p.  195,  et.  stg.,  1869.  2 “ Les  Enchainemeiits— Mam.  Tert.,”  p.  71. 

3 It  is  somewhat  difficult  to  ascertain  Dr.  Filhol’s  views  : in  one  memoir  (‘Ann.  Sci.  Geol.,’  vol.  XI.)  he  apparently 
uses  the  name  Hyotherium  in  its  widest  sense  ; hut  in  another  (“  Phosphorites  du  Quercy  ”)  he  employs  both  Palceochxrus  and 
ChcBromorus. 

* ‘N.  Jahrh.,’  1841,  p.  104.  5 Op.  cit.,  p.  196.  6 ‘ Jahrb.  Nassau  Ver.  Nat.,’  vol.  VI.,  p.  116,  pi.  IV.  (1850). 

7 “ Georgensmiind,”  p.  51.  8 “ Beitr'age,”  pt.  IV.,  pi.  VI.  9 Op.  cit. 

10  The  specimens  figured  by  Kaup  have  distinct  columns.  n “ Zool.  et  Pal.  Franq.,’  2nd  ed.,  pi.  XXXIII.,  fig.  5. 

12  Gervais  [op.  cit.,  p.  182)  suggested  the  possibility  of  the  unity  of  these  two  forms. 

13  Vide  Gastaldi,  ‘Mem.  Ac.  Real.  Torino,’  ser.  2,  vol.  XIX.,  p.  22,  pi.  VIII.,  fig.  38. 

14  “Zool.  et  Pal.  Franq.,”  2nd  ed.,  p.  187,  pi.  XXXIII.,  fig.  6. 

15  Op.  cit.,  pp.  196,  214.  Peters  objects  to  the  name  minutum,  and  substitutes  cuvieri  ; hut  it  would  seem  that  the  latter 
name  is  really  a synonym  of  minimum. 

16  Referred  in  vol.  II.  of  the  present  work  (p.  149,  where  it  is  wrongly  authenticated  as  Cuv.)  to  Amphih  agultts  or 
Hichodon'.  it  is  identified  by  Dr.  Filhol  [“Mam.  Foss,  de  Bonzon,"  [reprint]  p.  240)  with  Gelocus  communis,  which  is  the 
same  as  Amplatragulus  communis  : the  same  view  having  been  previously  taken  by  Gastaldi  [op.  cit.,  p.  23). 
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4. 


Hyotherium  platyops  (Cope^).  Miocene,  N.  America. 

Palaochcerus  platyops,  Cope. 

Said  to  be  the  largest  species  of  the  genus,  but  is  yet  unfigured : pm-  4 is  remarkably 
elongated  ; and  m-  t narrows  internally. 

Hyotherium  scemmeringi,  H.  von  Meyer.^  Mid.  miocene,  Europe. 


ChceromoriLS  mammilatus,  Gerv.  {teste  Peters). 
(?)  Choerotheriiun  dupuiip  Lart.  (?)  in  parte. 

Chcerotherium  sansaniense,  Lart.  {teste  Peters). 


Sus  antediluvianus,  Kaup  {aptid  Plain). 
Sus  chcerotherium,  Plain.,  in  parte. 

Sus  scemmeringi.  Plain. 


6. 


The  largest  European  species  ; of  which  the  molars  are  of  a complex  structure, 
approaching  those  of  Sus. 

Hyotherium  sub^quans  (Cope'‘).  Miocene,  N.  America. 

Palceochcerus  stibcequans.  Cope. 

An  unfigured  species,  said  to  be  about  the  size  of  Dicotyles  tajacu  : a distinct  cingulum 
on  outer  side  of  upper  molars. 


*7.  Hyotherium  suillum  (Porn.).  Low.  miocene,  Europe. 

Palceochcerus  suillus,  Pom.  (?)  Amphichcerus  typus,  Prav. 

This  species  was  formed  by  Pomel  on  the  evidence  of  a skull  in  the  Pritish  Museum 
(No.  34,96 1 ),5  and  is  said  to  be  one-third  smaller  than  H.  typus.  Dr.  Filhol,®  however, 
provisionally  refers  this  specimen  to  the  latter  species  ; but  he  regards  the  lower  jaw 
figured  by  Gervais  under  the  name  of  P[.  typus,  as  really  belonging  to  that  species, 
whereas  Peters  has  shown  that  it  is  probably  distinct, ^ and  smaller  than  the  proper 
jaw  of  that  species.  Poth  the  former  specimen  and  the  Pritish  Museum  specimen 
may,  therefore,  possibly  belong  to  the  same  species,  which  will  then  be  distinct  from 
H.  typus  and  may  retain  the  name  H.  suilluin. 

8.  Hyotherium  typus  (Pom.).  Up.  eocene  to  low.  miocene,  France. 

Chceromorus  simplex,  Gerv.8  {teste  Peters).  Palceochcerus  typus,  Pom.9 

A species  of  about  the  same  size  as  H.  meissneri.  The  crowns  of  the  upper  true  molars^® 
are  nearly  square,  with  very  simple  columns.  The  lower  jaw  figured  by  Gervais^^ 
under  the  name  of  Chceromorus  swiplex  has  been  shown  by  Peters  to  probably  belong 
to  this  species. *2  mandible  from  Quercy  figured  by  FilhoP^  under  the  latter  name 

may  likewise  be  referred  to  this  species. 


1 ‘ Bull.  U.  S.  Geol.  Surv.,’  vol.  VI.,  p.  174. 

2 “ Georgensmund,”  loc.  cil.\  Peters,  op.  cit.,  p.  196,  pis.  I.,  II.  The  synonomy  is  mainly  taken  from  the  latter 
memoir.  Faloeochcerus  mnjor,  which  Peters  refers  to  this  species,  is,  however,  on  the  authority  of  Dr.  Pilhol,  referred  to  H, 
watei  housi. 


3 Identified  by  Gervais  both  wih  his  O.  mammilatus  and  Sw  chcerotherium. 

4 ‘Pro.  Amer  Phil.  Soc.,”  vol.  XVIII.,  p.  374,  1879. 

5 A canine  of  Amphitrogulus  or  Bremotherium  is  inserted  in  this  skull.  6 ‘ Ann.  Sci.  Geol.,’  vol.  XI.,  p.  14. 

7 Peters  proposed  to  restrict  the  term  H.  typus  to  this  jaw,  which  only  adds  to  the  confusion.  If  H.  meissneri  and  H 
typus  are  identical,  the  latter  name  should  be  at  once  abolished. 

8 Op.  cit.,  pi.  XXXIII.,  fig.  5.  9 ‘ Bull.  Soc.  Geol.  France,”  2nd  ser.,  vol.  IV.,  p.  381,  pi.  IV.,  fig.  1 (1846); 

10  Gervais,  op.  cit.,  pi.  XXXIII  , fig.  1.  Gaudry,  “ lies  Enchainements— Mam.  Tert.,”  fig.  83. 

11  Op.  cit.,  pi.  XXXIII.,  fig.  5. 

12  That  the  lower  jaw  referred  by  Gervais  to  H.  typus  is  too  small  for  the  upper  teeth  of  that  species  may  be  seen  by 
comparing  the  relative  dimensions  of  these  teeth  with  those  of  II.  walerhousi  figured  by  Dr.  Filhol,  and  referred  to  below. 

13  “ Phosphorites  du  Quercy  ” (reprint),  p.  391,  fig.  292. 
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9.  Hyotheeium  waterhousi^  (Pom.).  Low.  miocene,  France. 

Amphtchcerus  major,  Brav.  PalcBochoerus  major, Pom. 

Hyotherium  majus,  Filh.  Palceochcerus  waterhousi,  Pom. 

A species  coming  next  in  size  to  H.  mmmeringi,  but  with  molars  of  the  simple 
structure  of  H.  typus ; which  it  considerably  exceeds  in  size.  The  inner  pair  of 
upper  incisors  are  unusually  large. 

A^nities. — If  the  above-mentioned  European  species  be  referred  to  two  genera,  it 
appears  that  H.  soemmeringi  is  the  only  one  which  should  belong  to  Tlyotherium  ; all 
the  rest  belonging  to  Palwoclmriis.  The  former  species,  by  the  more  complex 
structure  of  its  molars,  serves  to  connect  the  other  species  with  the  less  specialized 
forms  of  Sus.^  From  the  phosphorites  of  Quercy  Dr.  H.  FilhoP  is  about  to  describe 
the  cranium  of  an  allied  form  under  the  new  generic  name  of  Doliochoerus,  In  that 
genus  the  molars  are  of  very  simple  structure,  the  last  upper  molar  having  no 
distinct  talon,  and  the  parietal  portion  of  the  cranium  being  extremely  unlike  that 
of  Sus ; from  which  it  may  be  concluded  that  the  genus  belongs  to  a very  primitive 
type.  In  the  tertiaries  of  North  America  remains  of  numerous  pig-like  animals 
have  been  discovered  apparently  connecting  Bgotherium  with  Vicotyles : several  of 
these  species  have  been  referred  to  the  two  new  genera  Chcenohyus  and  Thinohyus^^ 
whose  relation  to  the  other  genera  is  exhibited  in  the  following  table,  viz.\ — 
Dicotyles.  Pm.  f (pm.  2 in  contact  with  pm.  3). 

CiiiENOHYUS.  Pm.  I (pm.  2 isolated). 

Thinohyus.  Pm.  f (pm.  1 isolated). 

Hyotherium.  Pm.  | (pm.  1 in  contact  with  pm.  2). 

The  four  genera  are  considered  by  Prof.  Cope  to  be  closely  allied ; and  the 
fossil  forms  connect  Dicotijles  so  closely  with  Sus,  that  in  a paheontological  classification 
it  seems  impossible  to  refer  those  two  genera  to  distinct  families.  F rom  the  study  of -the 
skull  of  TI.  ivaterliousi  Dr.  FilhoP  has  been  led  to  the  conclusion  that  it  is  improbable 
that  Hyotherium  is  the  direct  ancestor  either  of  Dicotyles  or  Sus  ; but  it  is  most 
probable  from  the  structure  of  its  molars  that  it  must  have  been  intimately  related 
with  such  ancestral  stock.  The  later  preniolars  are  relatively  stouter  than  in  existing 
species  of  Sus.  The  canines  are  small,  and  in  II.  soemmeringi  the  root  of  the  upper 
one  is  double  : there  is  no  distinct  diastema,  and  (at  least  in  several  species)  the 
lower  canines  had  not  attained  the  peculiar  form  of  those  of  Pus. 

Distribution. — It  is  only  recently  that  the  genus  has  been  recorded  from 

1 Vide  Eilhol,  ‘ Ann.  Sci.  Geol.,’  vol.  XI.,  pis.  IV. -IX. 

2 Identified  with  this  species  on  the  authority  of  Dr.  Eilhol  [op.  cit.,  p.  19) : it  is  identified  by  Peters  [op.  oil.,  p.  136) 
with  II.  soemmeringi. 

3 Gaudry,  “ Les  Enchainements— Mam.  Tert.,”  p.  71. 

4 The  present  writer  is  indebted  to  Dr.  Eilhol  for  early  information  concerning  this  undescribed  genus,  and  also  for 
proofs  of  the  illustrations  to  accompany ^his  forthcoming  memoir  upon  the  same. 

5 Cope,  ‘■Pro.  Amer.  Phil.  Soc.,’  vol.  XVIII.,  p.  373,  1879.  Talmochoerus  condoni.  Marsh,  .should  he  referred  to 
riaiggornis  or  Thinohyus,  according  to  Prof.  Cope. 

6 ‘ Ann.  Sci.  Geol.,’  vol.  XI.,  p.  81. 
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America/  wliere  it  occurs  in  the  miocene.  In  Europe  it  ranges  from  the  upper 
eocene  (Quercy  phosphorites)  to  the  middle  miocene  (Sansan  stage) ; and  is  found 
from  France  to  Styria.  Its  distribution  in  India  will  be  mentioned  in  the  sequel. 

Species  : Hyotherium  sindiense,  nobis. 

History. — In  1878  the  present  writer  briefly  mentioned^  some  detached  molar 
teeth  of  a suilline  animal  obtained  by  Messrs.  W.  T.  Blanfqrd  and  F.  Fedden  from 
the  lower  Siwaliks  of  Sind,  which  were  referred  to  Hyotherium,  with  the  provisional 
name  of  IT.  sindiense.  It  is  these  and  other  specimens  from  the  same  region  which 
form  the  subject  of  the  present  notice. 

Tipper  cheek-teeth. — In  plate  XII.,  fig.  6,  there  is  represented  a fragment  of  the 
left  maxilla  containing  the  second  and  third  true  molars  of  a suilline  animal,  which 
from  the  form  and  structure  of  these  teeth  may  probably  be  referred  to  the  present 
genus.  Both  teeth  are  well-worn,  but  are  unfortunately  much  decayed,  so  that  the 
characters  of  their  worn  surfaces  cannot  be  determined.  In  size  and  contour  they 
agree  almost  exactly  with  the  corresponding  teeth  of  H.  soemmerinyi  figured  by 
Peters.^  In  figure  12  of  the  same  plate  there  is  represented  an  unworn  molar  of  the 
right  side,  which  from  its  agreeing  in  size  with  m.  2 of  the  last  specimen  may  be 
regarded  as  the  homologous  tooth  of  the  same  species.  This  tooth  agrees  very 
closely  with  m.  2 of  II.  soemmerinyi,  with  the  exception  of  having  no  cingulum  on  the 
outer  surface : the  accessory  columns  [a,  y,  IT)  are  more  strongly  developed  and 
have  a more  complete  union  with  the  inner  main  columns  than  is  the  case  with  H, 
waterhoiisi,^  or  TL  typus ; the  molars  of  which  are  also  distinguished  by  the  more 
square  form  of  the  summit  of  their  crowns.®  The  present  tooth  is  distinguished 
from  m.  2 of  a true  pig  like  Slis  hysudricus  (pi.  VIII.,  fig.  10)  by  its  relatively  wider 
cro'wn,  and  by  the  columns  being  lower,  and  somewhat  more  distinctly  defined : it 
is,  however,  almost  exactly  intermediate  between  tlie  corresponding  tooth  of  II. 
typus  and  N.  hysudricus.  In  fig.  11  of  the  same  plate  there  is  represented  a half 
worn  right  upper  molar  which  might  well  be  m.  1 of  the  same  species  as  the  last 
specimen  : a tooth  described  in  the  sequel  indicates,  however,  tliat  it  might  be  m 2 
of  a smaller  form.  In  this  specimen  there  is  a distinct  crenulated  cingulum  on  the 
outer  side  of  the  posterior  outer  main  column  ; — a similar  cingulum  girding  both 
columns  in  II.  soemmerinyi.  In  fig.  10  of  the  same  plate  there  is  represented  a still 
more  worn  (probably)  left  molar  agreeing  in  size  with  the  last  specimen.  In  figures 
13  and  14  of  the  same  plate  there  are  represented  two  similar  right  upper  molars  of 
smaller  size  than  any  of  those  described  above.  These  teeth  are  of  too  small  a size 
to  have  been  m.  1 of  an  individual  of  the  size  of  those  to  which  figs.  6 and  12 
belonged ; but  if  the  specimen  represented  in  fig.  1 1 were  a second  molar  they 

1 The  correctness  of  Prof.  Cope’s  generic  determination  is  of  course  assumed. 

2 “ Records,”  vol.  XI.,  p.  77.  3 Op.  dt.,  pL  I.,  fig.  1.  4 Filhol,  op.  cif.,  pi.  VI. 

5 It  is  somewhat  difficult  to  give  a correct  estimate  of  the  relative  proportions  of  the  crowns  of  the  molars  of  many 
species,  owing  to  the  circumstance  that  the  outer  walls  of  the  base  of  the  crown  arc  very  sloping. 
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might  have  been  m.  1 of  the  same  form.  As  these  teeth  do  not  appear  to  present 
any  characters,  except  tliat  of  size,  by  which  they  can  be  distinguished  from  fig.  12, 
it  is  obvious  that  it  is  impossible  to  say  whether  fig.  1 1 be  m.  2 of  the  smaller  or  m.  1 
of  the  larger  form.  The  small  teetli  are  almost  indistinguishable  from  specimens  in 
the  Indian  Museum  from  Grermany,  which,  on  the  authority  of  Klipstein,  are 
referred  to  the  ill-defined  77.  medium. 

In  figures  9 and  15  of  the  same  plate  there  are  represented  two  last  upper 
premolars  of  a pig-like  animal,  belonging  to  opposite  sides  of  the  jaw,  which  may 
probably  be  referred  to  the  present  genus.  The  smaller  specimen  agrees  in  relative 
size  with  fig.  13,  and  the  larger  with  fig.  6.  The  two  teeth  agree  very  closely  in 
structure,  although  the  smaller  one  has  a more  distinctly  developed  cingulum  : they 
resemble  to  a great  extent  the  corresponding  tooth  of  II.  soemmeringi ; but  are 
distinguished  by  the  two  outer  columns  being  less  equal  in  size,  as  well  as  by  the 
greater  development  of  the  transverse  ridges  connecting  the  inner  columns  with  the 
two  outer  columns.  In  II.  loaterhousi.,  H.  tgjms,  and  most  other  species,  these 
connecting  ridges  are  scarcely  developed  at  all. 

Loiver  molars. — In  figures  7,  8,  of  plate  XII.  there  are  represented  two  right 
lower  true  molars  in  a well-worn  condition,  which  agree  with  those  of  the  present 
genus.  The  one  represented  in  fig.  8 may  from  its  size  be  regarded  as  m.  1,  and 
agrees  in  relative  size  with  the  small  upper  teeth  represented  in  figs.  13,  14.  The 
second  specimen  may  be  regarded  either  as  m.  2 of  the  same  form,  or  as  m.  i of  the 
larger  form  represented  in  figs.  6 and  12.  Both  these  teeth  agree  in  general 
proportions,  and,  as  far  as  can  be  seen,  in  structure,  with  the  lower  molars  of  II. 
soemmeringi : the  smaller  specimen  agreeing  with  m.  1 • of  a small  individual  of  that 
species  figured  by  Peters';  and  the  larger  with  m.  2 of  the  same  specimen,  and  also 
with  hTT  of  a larger  individual  figured  by  the  same  writer.-  In  figure  16  of  the 
same  plate  there  is  represented  a fragment  of  the  right  ramus  of  a mandible 
containing  mm.  4 and  m.  1 ; both  in  an  unworn  condition.  The  true  molar  is  of  the 
same  size  as  the  specimen  rei^resented  in  fig.  8 : it  is  of  smaller  size,  and  the  columns 
are  of  a more  simple  structure  than  in  the  corresponding  tooth  of  Bus  hysudricus 
(pi.  VIIL,  fig.  8). 

Distinctness  and  affinities. — With  the  materials  at  present  available  it  is  impossible 
to  say  whether  the  larger  and  smaller  teeth  noticed  above  belong  to  one  or  two 
species.  Their  similarity  in  structure,  coupled  with  the  variation  in  the  size  of  the 
teeth  referred  to  77.  soemmeringi  (assuming  all  of  them  to  be  rightly  associated),  seems, 
however,  to  be  in  favour  of  the  former  alternative.  It  is  also  impossible  to  say 
whether  such  species  belonged  to  Dyotherium  or  to  one  of  the  allied  American 
genera ; but  in  the  absence  of  any  evidence  to  the  contrary  it  may,  from  the 
resemblance  of  the  teeth  to  those  of  77.  soemmeringi  be,  at  least  provisionally,  referred 
to  that  genus.  The  larger  specimens  indicate  a species  of  the  size  of  the  larger 


1 Op.  cit.,  pi.  II.,  fig.  6. 


2 Ibid,  fig.  7. 
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form  of  H.  scemmeringi,  and  therefore  larger  than  all  other  forms  except  H.  waterhousi^ 
and  the  nnfigure.d  American  H.  'platyo'ps.  From  H.  waterhousi  (and  II.  typus)  the 
Sind  form  is  distinguished  by  the  structure  of  its  molars,  but  it  cannot  be  compared 
with  H.  platgops.  That  it  was  closely  allied  to  II.  soemmeringi  is  pretty  evident,  but 
the  materials  at  hand  are  insufficient  to  determine  definitely  whether  the  two  are 
distinct  or  not.  To  mark  its  place  of  origin  the  Sind  form  may  retain  the  provisional 
name  of  H.  sincUense.  Should  it  be  eventually  found  that  the  larger  and  smaller 
teeth  belong  to  more  than  one  species  the  foregoing  name  may  be  restricted  to  the 
larger  form. 

Bistrihution. — As  already  mentioned,  all  the  specimens  described  above  were 
obtained  from  the  lower  Siwaliks  of  Sind. 

Hyotherium,  sp. 

Lower  molar. — In  plate  XII.,  fig.  5,  there  is  represented  a second  left  lower  true 
molar  of  a pig-like  animal,  which  probably  belongs  to  the  present  genus.  The 
tooth  is  implanted  in  a fragment  of  the  mandible,  showing  a part  of  the  alveolus  of 
mTF,  so  that  there  can  be  no  doubt  as  to  its  serial  position.  The  specimen  was 
among  the  collection  of  the  Asiatic  Society  of  Bengal  transferred  to  the  Indian 
Museum,  and  was  obtained  from  the  Siwaliks  of  Perim  Island.  The  tooth  is  but 
very  slightly  worn,  and  the  columns  are  comparatively  simple  and  distinct : the 
crown  is  relatively  wider  than  the  lower  molars  of  Hyotherium  soemmeringi  and  the 
corresponding  teeth  from  Sind,  and  it  is  therefore  probable  that  the  present  specimen 
belongs  to  a large  species  distinct  from  either.  The  lower  molars  of  the  large  H. 
waterhousi  are  also  of  a more  elongated  type  than  the  specimen  under  consideration ; 
and  as  the  writer  has  been  unable  to  identify  the  latter  with  any  described  form  it 
appears  highly  probable  that  it  indicates  a new  species  ; although  it  is  necessary  to 
await  further  specimens  before  this  can  be  definitely  determined. 

Evolution  of  the  Suid.®  and  their  Allies. 

At  the  close  of  the  foregoing  descriptions  it  may  be  well  to  record  a few 
observations  deduced  therefrom  as  to  the  probable  line  of  evolution  of  the  Suidce 
and  their  allies.  The  observations  of  M.  Filhol  have  shown  that  in  Hyotherium., 
which  is  one  of  the  oldest  forms  of  the  family,  the  canines  and  lower  incisors  had 
not  attained  the  specialized  structure  of  those  of  the  existing  pigs ; while  the 
absence  of  a diastema  and  the  simple  structure  of  the  molars  are  also  characters 
indicating  a primitive  type.  Although,  as  M.  Filhol  suggests,  it  is  quite  probable 
that  this  genus  is  not  on  the  direct  ancestral  line  of  the  modern  pigs ; yet  it  was 
evidently  closely  connected  with  such  primitive  stock.  The  undescribed  genus 
Doliochoerus  apparently  indicates  a form  still  closer  to  the  same  primitive  stock.  The 
remarkable  agreement  in  cranial  characters  and  the  structure  of  the  cutting-teeth 
existing  between  Hyotherium  and  Hippohyus  indicates  that  the  latter  should  in  all 

1 Eilliol,  op.  cit.,  pi.  VII. 

Q 
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probability  be  regarded  as  a liiglily  specialized  branch  of  the  Hyotherium  stock. 
The  structure  of  the  molars  of  Sanitherium  likewise  suggests  that  this  genus  may  be 
another  offshoot  from  the  same  branch.  In  some  forms  of  Ilyotheriiim  [H.  typiis) 
the  crowns  of  the  true  molars  are  nearly  square,  and  the  premolars  are  usually 
stouter  than  those  of  existing  pigs ; and  these  forms  may  be  regarded  as  the  'most 
primitive. 

Turning  to  the  genus  Siis,  it  has  been  shown  that  the  crowns  of  the  molars  of 
several  of  the  earlier  forms  were  relatively  short,  and  that  the  premolars,  especially 
those  of  the  lower  jaw,  were  larger  in  proportion  to  the  true  molars  than  is  the  case 
among  most  existing  species  ; the  latter  character  culminating  in  the  mandible  pro- 
visionally referred  to  S.  giganteus.  The  resemblance  of  the  teeth  of  that  jaw  to  those 
of  Tetraconodon  indicates  that  the  group  (entelodonts)  to  which  that  genus  belongs  and 
Bus  are  diverging  branches  of  one  stock,  which  was  jDrobably  closely  connected  with 
the  primitive  hyotheroid  stock.  In  the  entelodont  branch  the  premolars  appear  to 
have  gone  on  increasing  in  relative  size,  till  they  attained  their  greatest  development 
in  Tetraconodon  itself ; and  it  is  not  improbable  that  some  of  the  anthracotheroids 
may  have  taken  origin  from  an  early  branch  of  the  same  stock.  Tlie  extreme 
simplicity  of  the  structure  of  the  molars  of  Tetraconodon  indicates  that  this  genus 
has  not  descended  from  Bus. 

In  the  true  pigs,  on  the  other  hand,  the  premolars  having  attained  in  the  lower 
jaw  of  one  form  (?  B.  giganteus)  a comparatively  large  development,  ever  afterwards 
began  to  diminish  in  relative  size,  and  subsequently  in  number ; while  progressive 
development,  both  as  regards  size  and  complexity  of  structure,  was  transferred  to 
the  true  molars,  and  esj)ecially  to  the  last  tooth  of  that  series.  Thus  while  in  the 
mandible  provisionally  referred  to  B.  giganteus  m.  1 and  m.  2 are  remarkably  short, 
and  the  talon  of  m.  3 is  comparatively  long,  the  premolars  being  of  great  size ; in 
the  form  here  called  B.  titan  the  first  two  molars  have  increased  in  relative  length, 
although  the  last  tooth  still  retains  its  simple  talon  ; the  lower  premolars  being  still 
relatively  larger  than  in  existing  pigs.  In  B.  falconeri  the  early  molars  have  become 
still  more  elongated  and  complex,  and  the  last  tooth  of  some  individuals  has  attained 
a length  and  a complexity  of  structure  unknown  among  any  existing  members  of 
the  genus  ; the  lower  premolars  being  much  narrower  than  in  any  of  the  previous 
forms.  This  branch  appears  to  have  culminated  in  the  existing  African  genus 
Phacochoeynis^  where  the  last  molar  has  become  extremely  narrow  and  complex,  and  in 
its  tall  crown,  and  in  its  persistence  after  all  the  earlier  teeth  have  disappeared 
foreshadows,  or  jDarallels,  a proboscidian  type.  In  this  genus  the  gradual  diminution 
in  the  size  of  the  preniolars  has  culminated  in  the  non-development  of  the  first  in 
the  upper,  and  of  the  first  and  second  in  the  lower  jaw,  and  in  the  relatively  small 
size  and  early  disappearance  of  the  remaining  teeth. 

Of  the  existing  species  of  true  pigs,  the  African  river-hogs  exhibit  traces  of  a 
primitive  type  in  their  relatively  large  premolars,  short  m.  1 and  m.  2 and  small 
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talon  of  m.  3 ; although  the  absence  of  the  first  premolar  is  a more  specialized 
character,  albeit  one  found  in  some  tertiary  species  (S.  eri/manthius,  etc.).  The  stout 
premolars  and  the  short  m.  3 of  some  of  the  tertiary  forms  like  S.  palceochoerus  and 
jS.  hijsiidriciis  indicate  that  it  is  not  improbable  that  the  river-hogs  may  have 
descended  from  some  such  form.  B.  harhatus  in  its  small  m.  3 almost  certainly  shows 
signs  of  a direct  descent  from  a primitive  stock  ; and  the  writer  is  inclined  to  think 
that  the  same  may  be  said  of  8.  vittatus  and  the  8.  andamanensis  group.  The 
resemblance  of  the  teeth  of  the  latter  to  those  of  8.  hysudricus  renders  it  by  no 
means  improbable  that  the  one  may  be  the  descendant  of  the  other ; and  if  the 
writer  is  at  all  correct  in  su]3posing  that  8,  vittatus  is  descended  from  8.  giganteus  this 
would  indicate  that  the  8.  vittatus  and  the  8.  andamanensis  groups  are  not  specifically  the 
same.  The  first  and  second  molars  of  8.  vittatus  are  relatively  longer  than  in  8. 
giganteus^  which  is  a character  that  might  be  expected  to  occur  in  the  newer  form. 
The  longer  m.  3 of  8.  cristatm  indicates  that  it  may  well  be  a more  specialized  form 
of  the  8.  vittatus  stock.  The  proportions  of  the  molar  teeth  of  8.  verrucosus  are  not 
unlike  those  of  the  form  here  named  8.  titan  (assuming  that  to  be  distinct  from  8. 
giganteus),  with  the  exception  that  ni.  3 is  generally  longer  in  proportion  to  the  two 
preceding  teeth^ ; and  the  writer  would  suggest  the  possibility  of  the  one  being  the 
degenerate  descendant  of  the  other.  In  any  case  it  is  highly  probable  that  the  8. 
verrucosus,  8.  vittatus  (including  8.  cristatus),  and  8.  andamanensis  groups  are 
descendants  of  some  of  the  three  medium  or  large  forms  of  Siwalik  pigs  with  simple 
molars  ; and  the  undoubted  existence  of  the  three  fossil  forms^  renders  it,  primd  facie, 
probable  that  the  existing  Asiatic  species  (exclusive  of  8.  harhatus  and  8.  salvanius) 
are  more  than  two  in  number.  The  probability  of  the  descent  of  8.  salvanius  from 
8.  punjahiensis  has  been  already  noticed. 

Bahirussa  in  its  simple  molars  shows  evidence  of  affinity  with  some  of  the 
primitive  forms ; and  the  same  may  be  said  still  more  decidedly  with  respect  to 
Dicotyles.  The  connection  of  the  latter  genus  with  FT ijotherium  and  its  allies  cannot 
be  determined  till  the  affinities  of  the  extinct  America  genera  noticed  above  have 
been  fully  worked  out. 


1 


Family  III. : ENTELODONTIDBE.^ 

Genus:  TETRACONODON,  Falc. 

Species : Tetraconodon  magnus,^  Falc. 

This  genus  and  species,  which  are  both  peculiar  to  the  Siwaliks  are  only  known 


The  dimensions  of  the  upper  molars  of  three  specimens  of  S.  verrucosus  are  as  follows  : — 

m.  1 m. 2 


1.  Borneo  . 1'24 

2.  Java  1-53 

3.  Ceram  .........  1'54 


m.  3 
1'24 
1-49 
1-47 


2 Even  if  S.  Man  should  he  eventually  proved  to  he  only  a large  variety  of  8.  giganteus,  the  lower  j aw  provisionally 
assigned  to  the  latter  will  indicate  another  species. 

3 Prof.  Elower  (“  Catalogue  of  Osteological  Specimens  in  Mus.  Roy.  Coll.  Surgeons,”  pt.  II.,  p.  341,  1884)  refers  the 

present  group  to  the  family  Chmopotamidce.  He  also  adopts  the  generic  term  Motherium,  Pom.  (1847),  in  place  of  Entelodon, 
Aym.  (1848) ; the  very  general  acceptation  of  the  latter  by  continental  palaeontologists  induces  the  present  writer  to  retain  it. 
ArchcBotherium,  Leidy,  is  a later  synonym.  4 Olim,  magnum,  errorim. 
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by  some  molars  and  an  imperfect  mandible  ; the  latter  being  figured  and  described 
in  the  first  volume  of  this  workd  The  mandible  is  distinguished  from  that  of 
Entelodon  by  the  absolutely  and  relatively  larger  premolars,  and  the  more  regularly 
oblong  form  of  the  crowns  of  the  true  molars.  The  genus  is  considered  by  Mr.  F. 
OsboriP  to  be  closely  allied  to  the  American  Achcenodon^ ; being,  as  far  as  is  at 
present  known,  distinguished  only  “ by  the  presence  of  a few  minor  tubercles  upon 
the  slopes  of  the  molar  cusps,”  and  by  the  larger  size  of  the  lower  premolars  in 
proportion  to  that  of  the  true  molars.  It  is  quite  possible  that  these  distinctions 
may  be  only  of  specific,  rather  than  of  generic  value. 

Family  IV. : LISTBIODONTIDAE. 

Genus  : LISTRIODON,  H.  von.  Meyer.-* 

Syn.  Lophiochoerus,^  Bayle,  after  Lart.,  MSS.;  Tapir otherium,  Blainville  and  Lartet ; 

(?)  Calydonius,  H.  von  Meyer. 

Position  of  the  genus. — There  has  been  much  discussion  as  to  the  systematic 
position  of  this  genus,  which  apparently  forms  a family  of  itself ; some  writers,  like 
De  Blainville®  and  Gervais,^  being  inclined  to  refer  it  to  the  Perissodactyla ; while 
Lartet  (who  also  at  first  considered  it  allied  to  the  tapirs®)  finally  classed  it  among 
the  bunodont  Suina.®  The  latter  view  has  been  adopted  by  Kowalevsky  and  other 
writers  ; but  Prof.  Cope^®  in  a memoir  published  1881  reverted  to  the  original  view, 
and  classed  Listriodon  in  the  Tapiridce.  The  present  writer  considering  that  this  view 
was  probably  supported  by  good  evidence,  adopted  it  in  his  own  papers ; but  since 
no  evidence  in  favour  of  it  has  been  subsequently  published,  and  as  Prof.  Cope  has 
given  indications  of  retracting  the  same,”  it  appears  advisable  to  adopt  the  more 
general  view.  That  view  is  confirmed  by  the  presence  of  a distinct  talon  to  m.  3, 
and  by  the  form  of  the  upper  incisors,  as  well  as  by  the  secant  character  of  the 
earlier  premolars. 

In  Europe  the  genus  ajDparently  contains  only  the  single  species  L.  splendens^^ 
H.  Meyer,  of  the  middle  miocene,  which  has  been  found  in  France,  Switzerland,  and 
Styria. 

1 Page  78  (60),  pi.  X. 

2 “ Contributions  from  E.  M.  Mus.  Geol.  and  Arcbseol.  Princeton  Coll.  U.S.A.,”  Bull.  No.  3,  p.  23,  1883. 

3 The  same  as  Parahyiis,  Marsh,  according  to  Mr.  Oshorn : the  present  writer  was  unacquainted  with  this  s3'nonomy 
when  writing  “ Siwalik  Selenodont  Suina  ” in  the  second  volume  of  the  present  work. 

4 ‘Neues  Jahrb.,’  1846,  p.  466. 

5 The  genus  Lophiodochxrus  (at  first  Lophiochcerus),  Lemoine,  is  apparently  distinct. 

6 “ Osteographie,”  Genus  Tapirus,  p.  52,  pi.  VI.  [Tapirotherimn  and  I.ophiodon  de  Sansan)  : the  writer  believes  that  this 
part  of  the  Osteographie  was  published  subsequently  to  1846,  so  that  Listriodon  has  the  priority  over  Tapirothu  ium  ; but  in 
any  case  the  former  name  has  met  with  pretty  general  acceptation. 

7 “ Zool.  et  Pal.  Fran^.,”  2nd  ed.,  p.  201 : Gervais  states  that  in  his  own  opinion  the  genus  is  allied  to  the  tapirs,  but  in 
deference  to  Lartet’s  opinion  he  places  it  among  the  Artiodactyla. 

8 “ Notice  sur  la  Colline  de  Sansan,”  p.  31.  9 Tide  Gervais,  op.  ett.,  p.  201. 

10  ‘Pro.  Amer.  Phil.  Soc.,’  1881,  pp.  374,  325. 

11  In  a presentation  copy  of  this  memoir  sent  to  the  present  writer.  Prof.  Cope  has  erased  Listriodon  from  the  Tapiridce. 

12  Syn.  Tapirotherium  larteti,  G&cv.]  Listriodon  larteti,  Gerv.;  Lophiochoerus  blainvillei,  Bayle;  Lophioehcerus  splendens, 
(?)  Jourd.;  Tapirotherium  blainvillei,  Lart.;  Sus  tapirotherimn,  Blain.;  (?)  Calydonius  trux,  and  C.  tener,  H.  von  Meyer. 
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Species  1 : Listeiodon  PENTAPOTAMiiE  (Falconer). 

Syn.  Tapirus  pentapotamice^  Falconer. 

History. — Tlie  history  of  the  species  has  been  already  given  in  the  first  volume.^ 
Upper  molars. — In  figures  13  and  17  of  plate  VIII.  the  two  original  specimens 
on  which  this  species  is  founded  are  refigured^ : both  teeth  belong  to  the  right  true 
molar  series  ; and  the  first  (fig.  13),  which  was  obtained  by  Mr.  Theobald  from  the 
Siwaliks  of  the  Punjab,  is  almost  unworn,  and,  from  its  size,  may  be  regarded  as 
m.  1.  The  second  (fig.  17),  which  was  obtained  by  Messrs.  Garnett  and  Trotter  from 
the  Siwaliks  of  Kushalghar,  below  Attock,  is  partially  worn,  and  may  be  regarded 
as  m.  2.  In  fig.  15  there  is  represented  a much  worn  and  partly  broken  second  left 
upper  molar,  which  is  slightly  wider  than  the  specimen  represented  in  fig.  17 : this 
tooth  belonged  to  the  same  individual  as  the  specimens  represented  in  figs.  14  and  16, 
and,  together  with  the  corresponding  tooth  of  the  opposite  side,  was  collected  by 
Mr.  Theobald  in  the  Siwaliks  of  Niki,  Punjab  : it  is  in  a well-worn  condition.  The 
tooth  represented  in  fig.  16  is  the  third  left  upper  true  molar,  in  a well-worn 
condition,  wanting  the  postero-internal  angle.  In  fig.  15a  there  is  represented  the 
hinder  portion  of  the  third  right  upper  true  molar,  in  an  unworn  condition,  probably 
belonging  to  the  same  individual  as  the  specimen  represented  in  fig.  17.  In  fig.  14 
there  is  represented  the  much-worn  first  right  upper  incisor  belonging  to  the  same 
individuals  as  figs.  15,  16.  In  the  following  table  the  dimensions  of  the  above- 
mentioned  teeth  are  compared  with  those  of  a specimen  of  the  right  maxilla  of 
Listriodon  splendens  in  the  Lyons  Museum,  the  measurements  being  taken  from  a 
plaster  cast  in  the  British  Museum  (No.  40,959)  : — 


L.  pentapotamiaj. 

L.  splendens. 

t — 

-A- 

fig.  13 

fig.  17 

fig.  15  fig.  16 

fig.  15a 

Length  of  m.  1 

0-81 

0-73 

Width  ,,  ,,  ,,  at  first  ridge 

0-75 

0-7 

,,  ,,  ,,  5)  j,  second ,,  . • 

0-74 

0-69 

Length  „ „ 2 

0-81 

0-8 

0-8 

Width  ,,  ,,  .,  ,,  first  ,, 

083 

0-85 

0-78 

,,  ,,  ,,,,,,  second  ,, 

0-8 

0-76 

0-74 

Length  ,,  „ 3 

1-0 

,,  ,,  hind-ridge  and  talon  of  ditto 

0-64 

0-5 

Width  ,,  ditto  at  first  ridge 

0-88 

0-83 

>)  )>  )j  jj  second  ,, 

• 

0-81 

0-73 

The  dimensions  of  the  Indian  teeth  are  such  that  all  the  specimens  may,  at 
least  provisionally,  be  referred  to  the  same  species ; and  their  resemblance  to  the 
European  form  is  so  close  that  there  can  be  no  doubt  of  their  belonging  to  the  genus 
Listriodon.  In  size  the  Indian  teeth  are  rather  larger  than  those  of  L.  splendens.^  but 
the  difference  in  this  respect  is  so  slight  that  it  cannot  be  regarded  as  of  any  specific 
value.  In  the  upper  molar  of  L.  splendens  figured  by  Gervais®  the  cingulum  is  more 
distinctly  developed  on  the  outer  surface  than  in  the  Indian  teeth  ; and  the  same 

1 Page  70  (52).  2 The  original  figures  are  in  vol.  I.,  pi.  VIII.,  figs.  8,  9. 

3 “ Zool.  et  Pal.  Franc;.,”  2nd  cd.,  pi.  XX.,  fig.  4 (Z.  larteti). 
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character,  judging  from  tlie  cast,  seems  to  obtain  in  the  Lyons  specimen.  Tlie  most 
distinctive  character  of  the  Indian  teeth  is,  however,  tlie  relatively  larger  talon  of 
3 (tig.  15a),  which  forms  a wide  flat  ledge,  almost  entirely  wanting  in  the  Lyons 
specimen.  No  other  distinctions  can  be  detected  between  the  Indian  and  European 
molars. 

Inciso7\ — The  first  upper  incisor  (fig.  14)  is  very  similar  to  an  homologous  tooth 
of  Jy.  splendens  in  the  British  Museum,  and  also  closely  resembles  the  same  tooth  in 
Ilyotlierium  : it  is  much  longer  antero-posteriorly  than  of  Bus.  On  the  inner  side 
of  this  tooth  there  is  a small  ledge  or  cingulum. 

Distinctness  and  affinities. — The  foregoing  comparisons  indicate  that  the  Indian 
and  European  forms  of  Listriodon  are  very  closely  allied : without  additional  remains 
of  the  former  it  is,  however,  impossible  to  say  whether  the  distinctive  points  noticed 
above  are  of  sj^ecific  value  or  not;  although  it  is  probable  that  they  are.  For  the 
present  at  least  the  Indian  species  may  retain  the  specific  name  of  L.  yentaiootamice. 

Distribution. — The  specimens  described  above  are  all  the  known  remains  of  the 
species,  and,  as  already  mentioned,  were  all  obtained  from  the  Siwaliks  of  the 
Punjab. 

Species  2 : Listriodon  theobaldi,  nobis. 

History. — The  only  jirevious  notice  of  this  provisional  species  is  a preliminary 
one  in  the  “ Records  ” for  1878,'  referring  to  the  one  molar  on  which  it  is  founded. 

Djjper  molar. — The  above-mentioned  tooth,  which  is  the  only  specimen  known, 
was  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the  village  of  Jabi,  in  the 
Punjab,  and  is  represented  in  plate  VIII.,  fig.  12.  From  the  width  of  its  crown  this 
molar  seems  to  belong  to  the  ujiper  jaw,  and  is  of  the  right  side:  it  is  in  an  early 
condition  of  wear,  and,  if  belonging  to  the  permanent  series,  is  either  m.  1 or  m.  2. 
The  tooth  differs  from  the  molars  of  L.  pentapotamiai  by  its  greatly  inferior  size,  and 
by  the  transverse  valley  being  wider  and  more  open,  as  well  as  by  the  absence  of 
the  oblique  ridges  running  from  the  fore-and-aft  cingula  to  the  summits  of  the  two 
main  ridges. 

Assuming  this  tooth  to  belong  to  the  permanent  series,  its  greatly  inferior  size 
would  leave  no  reasonable  doubt  of  its  being  specifically  distinct  from  L.  pentapotamice 
and  D.  splendens.  There  is,  however,  no  certain  reason  why  this  tooth  should  not  be 
the  last  upper  milk-molar  (which  in  the  pigs  has  the  same  form  as  the  permanent 
molars),  in  which  case  it  might  at  first  sight  be  regarded  as  belonging  to  L. 
pentapotamke.  In  the  pigs,  however,  no  difference  in  structure  can  be  detected 
between  mm.  4 and  m.  1,  and  the  difference  in  the  size  of  those  teeth  is  considerably 
less  than  that  between  the  specimen  under  consideration  and  the  first  molar  of  L. 
pentapotamioi  represented  in  plate  VIII.,  fig.  13.  On  these  grounds  it  is  unlikely  that 
the  jiresent  specimen  is  mm.  4 of  that  species  ; and  it  is  accordingly  probable  that  it 
indicates  a second  Siwalik  species  of  Listriodon,  which  may  retain  the  provisional 
name  of  L.  theobaldi. 


1 Vol.  XI.,  p.  98. 
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RODENTS  & NEW  RUMINANTS  FROM  THE  SIWALIKS, 

AND 

SYNOPSIS  OF  MAMMALIA. 

By  E.  LYDEKKEE,  B.A.,  F.G.S.,  F.Z.S. 

(WITH  PLATE  XIII.) 

Order:  EODENTIA. 

Uarltij  of  remains. — The  remains  of  rodents  from  the  Indian  tertiaries  are  of 
rare  occurrence ; this  being  probably  due  to  the  small  size  of  most  members 
of  the  order.  No  remains  of  rodents  are  figured  in  the  “ F.A.S.;”  neither  were  any 
described  by  Falconer,  although  more  than  one  genus  was  known  to  him  from  the 
Siwaliks.  A species  of  Siphneus  fS.  arvicolinusj  has  recently  been  described  by 
Herr  Nehring'  from  the  deposits  of  the  upper  Hwangho  river  in  China,  which 
probably  correspond  either  to  the  Siwaliks  or  Narbadas.^  The  living  species  of  that 
genus  occur  in  North  China  and  the  Altai ; and  the  fossil  form  is  said  to  connect 
the  living  species  with  Arvicola. 

SuB-OkDER  : SiMPLICIDENTATA. 

Family  I : MURIDS. 

In  a memoir  by  the  late  Gen.  Sir  W.  E.  Baker, ^ it  is  stated  that  remains  of 
Mus  had  been  obtained  from  the  Siwaliks ; and  the  same  statement  is  made  in 
Falconer’s  notes.'‘  In  the  Indian  Museum  there  is  a fragment  of  breccia  from  the 
Narbadas  containing  the  incisors  of  a murine  rodent,  of  which  the  generic  deter- 
minatioD  seems  impossible. 

1 “ Sitz.  Ges.  nat.  Freimde,  Berlin.”  1883.  p.  19 

2 Vide  supra,  vol.  II.  p.  289. 

3 “ On  the  Fossil  Remains  presented  to  the  Museum  at  Ludlow  ” (Ludlow,  1850)  p.  10. 

4 ” Palmontological  Memoirs,”  vol.  I.,  p.  23.  See  also  ‘ Journ.  As.  Soc.  Beng.’  vol.  IV.,  p.  706;  V.,  p.  290. 
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Family  II.:  SPALACIDJE. 

Genus:  RHIZOMYS,  Gray. 

Distribution  and  number  of  species. — According  to  Dr.  G.  E.  Dobson,'  the 


genus 


occurs  in  China,  Tibet,  tlie  Malay  Peninsula,  and  Eastern  Africa;,  and  Dr.  J. 
Anderson^  gives  the  following  list  of  species  from  India,  China,  etc.,  viz.  : 

Rhizomys  badius,  Hodg-son.  India  and  Burma. 

,,  ERYTHROGENYs,  Anderson.  Burma  and  Tenasserim. 

,,  MINOR,  Gray.  Burma,  Rlartaban,  etc. 

,,  PRUINOSUS,  Blyth.  Eastern  Asia. 

,,  SINENSIS,  Gray.  China.  ' 

,,  suMATRENSis  (Raffles).  Sumatra. 

The  form  described  below  is  the  only  known  fossil  species. 

Species : Rhizomys  sivalensis,  nobis. 

Syn  (?)  T/jphlodon^  Falconer. 

Ilistorp. — This  species  was  briefly  described  by  the  jiresent  writeF  in  1878 
on  the  evidence  of  two  rami  of  the  mandible,  one  of  which  was  subsequently 
figured.''  It  was  suggested  that  the  generic  name  Tpphlodon.,  Falconer,''  might 
probably  have  been  assigned  to  the  present  form  ; its  derivation  from  the  allied 
Spalax  Ujpldus  being  so  obvious.  This  suggestion  is  confirmed  by  the  fact  that 
Siwalik  specimens  of  the  present  form  are  preserved  in  the  British  Museum. 

Alandible. — In  the  accompanying  woodcut  (fig.  1)  there  is  given  an  enlarged  view 
of  the  dental  aspect  of  the  left  ramus  of  a mandible,  collected  by  Mr.  Theobald  in 

the  Siwaliks  of  the  Punjab.  Only  the  two  last 
molars  remain,  the  crown  of  iuTl  having  been 
broken  off.  A portion  of  the  incisor  still  remains 
on  the  lower  border  ; and  the  two  molars  are  in  an 
early  stage  of  wear.  In  woodcut  fig.  2,  there  are 
represented  two  portions  of  the  right  ramus  of  the 
mandible  of  a species  of  the  same  genus.  The 
first  specimen  (a)  is  vieAved  from  the  inner  aspect, 
and  shows  the  second  and  third  molars,  the  crown 
of  m.  i having  been  broken  off.  The  second  (c)  is 
vioAved  obliquely  from  the  outer  a,nd  iq3per  aspects, 
and  shoAvs  the  three  molars  in  a Avell-Avorn  con- 
dition. Both  Avere  obtained  by  ]\Ir.  Theobald  from 
the  Shvaliks  of  the  Punjab.  The  molars  of  these 
two  specimens  are  rather  smaller  than  those  of  the 
specimen  represented  in  fig.  1 , and  the  depth  of  the 


1 “ Encyclopsedia  Britannica,”  9th  ed..  Art  “ Mammalia,”  p.  419. 

2 ‘ ‘ Anatomical  and  Zoological  Results  of  the  two  Exj)editions  to 
Yunnan,  p.  322  (1878). 

3 ‘Records,’  vol.  XI.,  p 100. 

4 Ibid..,  vol,  XII.,  p.  52. 

5 “ Paleontological  Memoirs,”  vol.  I.,  p.  23, 


ml.  m2,  m3. 

Eig.  1 . l{hizom>/t  sion/eihyin.  Part  of 
the  loft  ramus  of  the  mandihle,  from  the 
Siwaliks  of  the  Punjab.  Indian  Aluseum 
(No.  D.  97).  f. 


Fig.  2.  Rlnzomya,  sp.  Two  specimens 
of  part  of  the  right  ramus  of  the  mandihle, 
from  the  Siwaliks  of  the  Punjab.  Indian 
Museum  (Nos.  D 97a,  97b.)  |. 
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jaw  is  somewliat  less  ; but  as  the  three  specimens  are  otherwise  very  similar,  it 
seems  best  to  regard  them  as  belonging  to  the  same  species.  In  the  British 
]\Iuseum  there  are  two  rami  of  the  mandible  of  a fossil  rodent  from  the  typical 
Siwaliks,  of  slightly  larger  size  than  the  largest  Punjab  specimen,  but  evidently 
belonging  to  the  same  genus.  The  general  characters  of  those  specimens  are  very 
similar  to  those  of  the  Punjab  specimens,  and,  although  it  is  possible  that  their 
superior  size  may  indicate  specific  distinction,  they  may  be  provisionally  associated. 
The  following  table  exhibits  the  dimensions  of  the  molar  series  of  three  of  the 
above-mentioned  specimens,  viz.  : 


Ind.  Mus. 

Brit  Mus. 



N 

Length  of  three  molars 

0-62 

0-67  (?) 

0.74 

Width  of  m.  2 . 

017 

0-2 

0-25 

Vertical  diameter  of  incisor  . 

0 16 

0-16 

0 17 

The  number  and  structure  of  ^the  cheek-teeth  (fig.  1),  which  have  a deep  enamel- 
fold on  the  outer,  and  three  minor  folds  on  the  inner  side,  two  of  Avhich  (fig.  2)  persist 
as  isolated  fossetteson  the  crown  of  well-worn  teeth,  show  that  the  specimens  belong 
to  the  sub-family  Spalacince  of  the  Spalacidce.  This  sub-family  contains  the  three 
genera^  Spalax,  Heterocephalus^  and  Uliizomys.  The  lower  molars  of  the  first  are 
distinguished  ])y  the  enamel-folds  l^eing  very  shallow,  and  disappearing  at  an  early 
stage  of  wear  ; while  those  of  the  second  have  only  a single  inner  and  outer  fold. 
In  Rhizomijs  the  structure  of  the  molars  is  precisely  similar  to  that  of  the  Siwalik 
specimens,  and  the  latter  may  therefore  be  referred  to  that  genus. 

Calcaneum. — In  woodcut  fig.  3 there  is  given  an  enlarged  view 
of  the  left  calcaneum,  partially  broken  on  the  inner  side,  of  a small 
mammal  collected  by  Mr.  Theobald  in  the  Siwaliks  of  Asnot,  which 
may  not  improbably  belong  to  the  jDresent  form.  The  bone  is  very 
similar  to,  but  somewhat  smaller  than  the  calcaneum  of  R.  hadius. 

Distinctness  and  Affinities. — Taking  the  s]3ecimen  represented  in 
fig.  1 as  the  type,  the  Siwalik  form  is  distinguished  from  R.  suma- 
TihzomxjK  ^‘’cnsis  by  the  smaller  size  of  the  jaw  and  the  incisor,  although  the 
(?)  sp.  1-eft  caica-  length  of  the  molar  series  is  very  nearly  the  same  in  the  two ; the 
Shvaiiksomierun^  individual  teeth  being  wider  in  the  living  form.  The  fossil  is  nearer 
jab  Indian  Museum  in  size  to  R.  pruinos US,  but  its  molars  are  more  elongated,  the  incisors 
(No.  D 9S)  f much  smaller,  and  the  jaw  more  slender.  It  is  considerably  larger  than 
R.  hadius,  and  still  more  so  than  R.  minor  ; but  the  incisors  are  only  a little  larger  than 
those  of  the  former,  although  the  molars  are  half  as  large  again.  R.  sinensis  and  R. 
erythrogenjjs  are  both  considerably  smaller  than  the  fossil.  The  writer  has  not  had  the 
opportunity  of  comparing  the  latter  with  the  African  form  ; but  it  is  in  all  proba- 


1 In  the  preliminary  notice  alreadjr  quoted  it  has  been  conclusively  shown  that  the  specimens  cannot  belong  to  any  other 
family.  The  memoir  by  E.  R.  Alston  on  the  “ (Jlassification  of  the  Order  Glires  ” (‘  Proc.  Zool  Soc  1876,  p.  61),  exhibits 
the  dental  character  of  the  different  groups  in  a very  clear  manner. 

2 Mi/ospn/ax,  Blyth  (not  Brandt,  which=  9?/) /(;/<«.■.),  has  been  shown  by  Mr.  W.  T.  Blanford  Jown.  As.  Soc.  Beug.,’ 
vol.  L,  pt.  2,  p.  118)  to  be  probably  identical  with  lllobiiis,  and  does  not,  therefore,  belong  to  the  Spalacidm. 
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bility  distinct.  In  all  the  recent  forms  the  molars  are  relatively  wider  than  those  of 
the  fossil. 

It  appears,  therefore,  that  the  Siwalik  Uhisomys,  whether  it  comprehends  one  or 
more  species,  is  probably  distinct  from  any  of  the  living  forms  ; and  it  may  accord- 
ingl}^  retain  the  provisional  name,  B,.  sivalensis.  The  relatively  wider  molars  and  the 
larger  size  of  the  incisors  of  the  existing  forms  as  compared  with  those  of  the  fcxssil 
seem  to  indicate  that  specialization  has  tended  to  the  production  of  these 
characters. 

Distribution. — Remains  of  the  Siwalik  Bhizomys  have  been  obtained  from  the 
typical  Siwalik  Hills  and  the  Punjab. 

Family  III.:  RYSTBICIDjE. 

Dental  Characters. — According  to  the  late  Mr.  E.  R.  Alston^  the  living  members 
of  the  Uystricidw  present  the  following  dental  characters,  viz.  : 

A.  Sphingurin.®.  Cheek-teeth  rooted.  Nearctic  and  Neotropical. 

Choelomjs,  Gray.  Upper  cheek-teeth  each  divided  into  three  lobes,  of  which  the  first 
' and  last  have  deep  single  enamel-folds  ; lower  teeth  with  an  external  and  two 

internal  folds.  _ 

Synetheres'^  F.  Cuv.  Cheek-teeth  like  Chcelomys,  but  with  two  lobes  only : equal  in 
size.  'I 

Erefhizo7i,  F.  Cuv.  Cheek-teeth  like  Synetheres,  but  anterior  larger  than  posterior. 

B.  Hystricin^.  Cheek-teeth,  semi-rooted,  Palaearctic,  Indian,  and  Ethiopian. 

Atherimi,  Cuv.  Upper  cheek-teeth  with  one  internal,  and  three  or  four  external 
enamel-folds,  the  latter  soon  separated  into  enamel-loops  : lower  teeth  similar 
but  reversed. 

Hystrix,  Linn.  Teeth  as  in  Alherura. 

It  thus  appears  that  while  the  American  porcupines  can  be  distinguished  palte- 
ontologically  from  those  of  the  Old  World,  the  genera  A and  Hystrix  cannot  be 

distinfruished  bv  characters  usually  available  in  the  case  of  fossils.  The  cheek-teeth 
of  Dasyprocta 'uro.  also  very  similar  to  those  of  the  smaller  jtorcupinos ; but  none,  of 
the  species  of  that  genus,  or  Atheriira.,  attain  such  a large  size  as  some  species  of 
Hystrix. 

Genus:  HYSTRIX,  Linn. 

Distribution,  and  number  of  fossil  syiecies. — The  genus  is  contined  to  the  Old 
World  at  the  jiresent  day;  but  in  former  times  it  apparently  ranged  into  America,  if 
Hystrix  venusta  be  rightly  determined.  It  will  be  unnecessary  to  give  a list  of  the 
existing  species  ; but  it  may  be  mentioned  that  the  South  European  and  African 
//.  cristata,  Ijinn.,  and  the  Indian  H.  hirsutirostris,^  Brandt,  are  the  largest  forms. 
The  earliest  recorded  occurrence  of  a porcupine,  or  allied  form,  is  in  the  “ Quercy 
Phosphorites,”  from  which  deposits  a fragment  of  a mandible  has  been  described  by 
Dr.  FilhoP  under  the  name  of  H.  (?J  lamandini.  Besides  this  there  is  the  so-called 

1 Op.  cii.  2 Syn.  Cercolaben,  Brandt.  Sphinguriis,  F.  Cuvier. 

3 Syn.  IT.  Sykes.  4 “ Phosphorites  du  Quercy  ” (reprint)  p.  49. 
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pm.  4.  m.  1.  m.  2.  m.  3. 

Fig.  4.  Hystrix  drahmis.  Fragment  of  the 
right  ramus  of  the  mandible  ; from  the  Siwaliks  of 
Asnot,  Punjab.  Indian  Museum  (No.  D.  96).  -j- 


//.  refossa,  Grcrvais'  from  the  miocene  of  Issoire ; referred  by  Bravard^  to  Basyprocta) 
II.  primiyenia^  (Wagner)  from  the  Pikermi  group  ; and  H.  venusta,  Leidy/  from  the 
pliocene  of  North  America.  An  unnamed  form  has  also  been  obtained  from  the 
pliocene  of  the  Val  d’Arno  ; and  another  from  Sicily.^ 

Species  : Hysteix  sivalensis,  nohis. 

History. — The  occurrence  of  a Siwalik  porcupine  is  mentioned  in  the  memoir 
by  Sir.  W.  E.  Baker  already  quoted,  and  in  Falconer’s  notes.®  A fragment  of  a 
mandible  has  been  noticed  by  the  present  writer  under  the  name  of  H.  sivalensis  I 
Mandible. — The  above  mentioned  fragment  of  the  mandible  is  represented  in  the 
accompanying  woodcut  (fig.  4),  and  was  obtained  by  Mr.  Theobald  from  the  Siwaliks 

of  the  Punjab.  It  consists  of  the  middle  portion 
of  the  right  ramus,  and  shows  mW  and  ni72  in 
a middle  stage  of  wear ; the  croAvn  of  pm.  4 
has  been  broken  off,  and  m.  3 has  fallen  from 
its  alveolus,  which  is  filled  with  matrix.  The 
specimen  is  considerably  larger  than  the  jaw  of 
H.  hirsutirostris,  and  it  is,  therefore,  evident 
that  among  the  living  forms  it  is  only  necessary 
to  compare  it  with  that  species  and  II.  cristata.  The  structure  of  the  cheek-teeth 
is  of  the  same  complex  nature  as  those  of  the  living  species.  The  broken  base  of 
pm.  4 shows,  however,  that  this  tooth  was  inserted  by  three  distinct  roots  f which 
from  the  state  of  wear  of  m.  1 must  evidently  have  been  situated  only  just  below  the 
lower  extremity  of  the  external  enamel-fold.  In  the  existing  species  the  roots  of 
this  tooth  are  never  so  distinctly  developed  as  in  the  fossil,  and  are  situated  at  a 
distance  of  more  than  half-an-inch  below  the  latter  fold.  The  alveolus  of  pm.  4 in  a 
jaw  of  the  existing  species  in  the  same  stage  of  wear,  exhibits  a large  single  cavity, 
without  the  slightest  trace  of  any  division.  Precisely  similar  conditions  prevail  in 
the  true  molars,  the  roots  being  distinctly  visible  on  the  outer  side  of  mTl,®  in  which 
there  is  an  interval  of  less  than  a quarter-of-an-inch  between  their  commencement  and 
the  inferior  extremity  of  the  external  enamel-fold,  the  same  interval  being  more  than 
half-an-inch  in  length  in  the  smaller  tooth  of  II.  hirsutirostris.  In  consequence  of  the 
short  crowns  of  the  cheek-teeth  the  hinder  part  of  the  incisive  alveolus  is  placed 

1 “ Zoologio  et  Falcontologie  Francjaises,”  2nd  ed.,  pp.  17,  18,  pi.  XLVIII.,  fig.  11. 

2 Vide  Pomel,  “ Cat.  Meth.  Vert.  Foss.,”  p.  32. 

3 Vide  Gaudry,  “ Animaux  Fossiles  et  Geologie  de  I’Attique,”  p.  122,  pi.  XVIII.,  fig.  2. 

4 “ Extinct  Mammalian  Fauna  of  Dakota  and  Nebraska,”  ^ Journ.  Ac.  Nat.  Sci.  Thiladel'  ser.  2,  vol.  VII.,  p.  343, 
pi.  XXVI.,  fig.  23  (1869). 

5 Vide,  Gaudry,  op.  cit.  p.  126.  6 “Pal.  Mem.”  vol.  1,  p 2-3.  7 “ Eecords,”  vol.  XI.,  p.  100,  (1878). 

8 The  large  size  of  the  alveolus  of  this  tooth,  and  the  well-worn  condition  of  the  true  molars,  shows  that  the  former 
could  not  have  been  a milk -molar. 

9 The  crown  of  mTT  accidentally  broke  off  during  description,  when  the  roots  were  very  distinctly  exhibited. 
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nearer  to  tlie  superior  surface  of  tlie  ramus  than  in  the  existing  sj)ecies.  The  mental 
foramen  is  j^laced  nearer  pm.  4,  the  dej^ression  of  the  superior  surface  of  the  ramus 
in  front  of  that  tooth  is  less  deep,  and  the  ridge  forming  the  anterior  boundary 
of  the  masseteric  fossa  is  more  strongly  developed. 

In  its  large  size,  as  well  as  in  the  position  of  the  mental  foramen,  and  the 
strong  development  of  the  masseteric  ridge,  the  fossil  agrees  with  the  Pikermi 
U.  primigenia.  In  all  other  resj)ects  that  species  appears  to  be  very  close  to 
n.  cristata,  and  differs,  therefore,  in  the  same  characters  from  the  Siwalik  fossil. 
//  (^?)  lamandini  is  named  upon  the  evidence  of  a fragment  without  the  teeth,  and  in 
tlie  absence  of  a figure  cannot  be  compared  with  the  present  specimen.  IT.  refossa  is 
apparently  only  known  by  a fragment  of  the  mandilde  containing  one  molar,  and  the 
alveolus  of  anotlier  : it  is  said  to  be  distinguished  from  IT.  cristata  by  the  more 
numerous  enamel-islands  on  the  worn  crowns  of  the  molars.  It  apparently  agrees 
with  the  Siwalik  form  in  having  very  distinct  roots  and  short  crowns  to  the  molars ; 
but  these  teeth  are  of  a more  elongated  form.  IT.  venusla  is  founded  on  a single 
molar,  which  is  said  to  resemble  the  corresponding  tooth  of  IT.  cristata.  It  appears, 
however,  to  have  had  a short  crown,  with  distinct  fangs.  It  is  impossible  to  say 
whether  it  is  the  same  as  the  Siwalik  fossil ; although  this  is  improbable.  There  are 
no  means  of  comparing  the  Siwalik  specimen  with  the  unnamed  fossils  from  the 
Val  d’Arno  and  Sicily. 

Young  skull. — In  the  accompanying  woodcut  (fig.  5)  there  is  represented  the 
cranium  of  a young  Siwalik  porcupine  in  the  British  Museum  whicli  not  improbably 


Fig.  5.  Wystrix  sp.  Left  lateral  aspect  of  the  cranium  of  a young  individual  from  the  Siwalik 
Hills,  with  the  nasals  restored.  British  Museum  (No.  15,923).  ) . 

belongs  to  the  same  species  as  the  mandible.  The  specimen  is  believed  to  be  one 
of  those  collected  by  Baker  and  Durand  ; and  has  the  mandible  (in  a crushed  con- 
dition) attached,  which  has  been  omitted  from  the  figure.  The  cranium  has 
suffered  considerably  from  crush,  and  has  lost  the  nasals  and  a part  of  the  maxilla. 
In  the  upper  jaw  there  are  only  two  teeth,  and  but  three  in  the  lower ; thus  show- 
ing that  the  specimen  is  not  adult.  The  first  tooth  in  each  jaw  is  the  milk-molar, 
and  the  second  the  first  true  molar.  On  the  left  side  of  the  mandible  the  whole 
length  of  the  crown  of  mTl  is  exposed  ; and  it  is  thus  seen  that  in  its  lower  part  the 
dimensions  of  this  tooth  are  similar  to  those  of  the  corresponding  tooth  of  the 
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specimen  represented  in  fig.  4.  In  the  same  tooth  the  external  enamel-fold  extends 
as  near  down  to  the  root  as  in  the  latter  specimen ; and  there  is  accordingly  a great 
probability  tliat  the  two  specimens  belong  to  the  same  species.  The  young  cranium 
is  very  similar  in  general  contour  to  the  cranium  of  H.  hirsutirostris  and  II. 
cristata,  having  the  characteristic  convex  profile ; which  is  wanting  in  the  smaller 
porcupines. 

Distinctness  and  a^nities. — The  foregoing  comparisons  lead  to  the  conclusion 
that  the  Siwalik  porcupine  is  specifically  distinct  from  all  the  living  species  of  the 
genus,  while  it  is  probably  also  distinct  from  the  described  fossil  forms,  though 
apparently  coming  nearest,  in  one  respect,  to  II.  refossa,  and  perhaps  to  71.  veniista. 
The  characters  in  which  the  Siwalik  form  differs  from  the  existing  species  are 
precisely  those  which  might  be  expected  to  occur  in  an  early,  or  generalized,  form, 
and  it  is  therefore  quite  possible  that  it  may  be  the  ancestor  of  the  large  existing 
Indian  species.  The  provisional  name  77.  sivalensis  may  be  retained  for  the  Siwalik 
species. 

Distribution. — If  both  the  specimens  described  above  belong  to  the  same  species, 
the  range  of  that  species  extended  from  the  typical  Siwalik  Hills  to  the  Punjab. 

Order:  UNGULATA.  Sub-Order:  ARTIODACTYLA. 

Section  : RUMINANTIA. 

Introductory. — In  the  preceding  volumes  of  this  worlP  most  of  the  Siwalik 
ruminants  have  been  described  and  figured.  The  present  part  contains  descriptions 
of  a few  new  forms,  and  a revision  of  some  of  those  previously  described. 

The  retention  of  the  generally  discarded  term  Ruminantia,  as  comprehending 
the  modern  Pecora,  Tylopoda,  and  Tragulina,  is  adopted  in  view  of  the  difficulty  of 
referring  many  of  the  fossil  forms  to  one  or  other  of  those  groups.  That  the  term 
Ruminantia  is  incapable  of  definition  the  writer  is  fully  aware  ; but  as  all  divisions 
in  palseontological  zoology  must  be  arbitrary  in  cases  where  a large  number  of  forms 
belonging  to  allied  groups  are  known,  and  as  it  is  highly  desirable  to  divide  the 
Artiodactyla  into  a more  specialized  and  a less  specialized  group,  no  valid  objection 
to  the  use  of  the  term  can  be  drawn  from  this  source. 

Family  : BO  VIDjB.^ 

Genus  : OREAS,  Desmarest. 

Distribution. — The  genus  is  confined  at  the  present  day  to  south  and  tropical 
Africa,  and  includes  only  two  species.  It  has  not  hitherto  been  recorded  in  a fossil 
condition. 

Species  : Oeeas  (?)  lattdens,  nobis. 

Syn.  Cervus  latidens,  nobis. 

History. — In  the  first  volume  of  the  present  work,®  an  upper  and  lower  molar 

1 Vol.  I.,  pta.  2,  3,  4.  Vol.  II.,  pts.  4,  5. 

2 In  accordance  witR  Prof.  Flower’s  classification  this  family  is  taken  to  include  all  the  cavicorn  ruminants  except 

Antilocapra.  3 Page  65,  plate  VIII.,  figs.  4,  6,  7,  10  (1876). 
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of  a large  ruminant  from  the  tlie  Siwaliks  of  tlie  Punjab  were  described  and  figured 
under  the  name  of  Cervus  latidens^  with  a proviso  as  to  the  possible  incorrectness  of 
the  generic  name.  In  the  preface  to  the  same  volume/  the  doubtfulness  of  tliis 
point  was  again  mentioned.  The  more  extended  means  of  comparison  now  avail- 
able to  the  writer  have  pretty  conclusively  siiown  that  these  specimens  do  not  belong 
to  the  Gervidm. 

Upper  dentition. — In  plate  XIII.,  fig.  12,  of  tlie  present  volume,  there  is  repre- 
sented the  external  aspect  of  the  left  maxilla  of  a large  ruminant  collected  by  Mr. 
Theobald  in  the  Siwaliks  of  the  Punjab,  containing  the  last  two  premolars  and  the 
three  true  molars,  in  an  intermediate  state  of  Avear.  Part  of  the  outer  surface  of 
is  somewhat  damaged,  and  the  masticating  surfaces  of  this  and  the  succeeding 
tooth  are  so  injured  that  they  could  not  be  figured  ; but  a figure  (fig.  13j  has  been 
given  of  this  aspect  of  the  three  preceding  teeth.  The  true  molars  of  this  specimen 
correspond  exactly  in  form  with  the  type  tooth  represented  in  vol.  I.,  pi.  VIII.,  figs. 
7,  10,  but  are  of  someAvhat  smaller  size  ; this  difference  cannot,  however,  in  all 
probability,  be  regarded  as  of  more  than  individual,  or  sexual,  value. 

In  no  species  of  Cervidce  which  has  come  under  the  Avriter’s  observation  are  the 
outer  surfaces  of  the  true  molars  so  flat  as  in  the  specimens  under  consideration,  or  is 
the  middle  ^ costa  ’ of  each  lobe  so  faintly  developed  ; neither  are  the  hinder  costm 
on  the  outer  surface  of  pm.  4 so  little  prominent.  These  differences  are  so  important 
as  to  indicate  that  the  specimens  do  not  belong  to  that  family. 

From  Bos  and  its  allies  the  specimens  are  readily  distinguished  by  their  more 
‘ brachydont  ’ character,  the  flatness  of  the  outer  surfaces  of  the  molars,  and  the 
slight  development  of  cement. 

Turning  to  the  larger  antelopes,  the  teeth  of  the  maxilla  under  consider- 
ation agree  so  closely  Avith  those  of  Greets  canna  that  there  can  be  little  or  no 
doubt  but  that  they  indicate  a closely  allied  form.  The  teeth  of  the 
specimen  are  about  one-fourth  smaller  than  those  of  a large  male  eland ; but  the 
single  tooth  figured  in  the  first  volume  is  very  nearly  the  size  of  the  latter.  The 
fossil  teeth  can  only  be  distinguished  from  these  0.  cannet  by  the  larger  develojAinent 
of  the  accessory  column  in  the  median  valley  (Avhich  is  very  minute  in  the  living 
species)  and  by  pm.  3 being  relatively  rather  longer.  The  teeth  of  the  kudu 
fStrepsicerosJ  present  a strong  resemblance  to  those  of  the  eland,  but  are  distin- 
guished by  their  lower  croAvns,  tlie  total  absence  of  the  accessory  columns  in  the 
median  valley,  the  smaller  development  of  the  anterior  costa  of  the  first  lobe,  and 
of  the  costse  on  tlie  last  two  premolars.  In  all  these  respects  they  are  unlike  the 
fossil.  All  three  agree  in  the  smoothness  of  the  enamel.  The  teeth  of  Alcela2}hus, 
Connochoetes,  and  Boselaphus  are  of  a different  type,  and  those  of  no  other  existing 
antelopes  come  so  near  to  the  fossil  as  do  those  of  Oreas. 

Turning  to  other  fossil  forms,  it  may  be  stated  that  the  present  teeth  are  unlilte 


1 Page  xvii. 
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those  of  any  otlicr  previously  described  Siwalik  species.  Of  the  European  forms, 
those  which  come  nearest  to  the  present  specimens  are  the  Pikermi  Palceoryx  pallasi 
and  Tragoceros  amaltheus}  According  to  Prof.  Gaudry^  tlie  molars  of  tliose  two  species 
are,  in  a long  series,  almost  indistinguishable,  although  the  figures  appear  to  show 
considerable  differences.  The  molars  of  Palceoryx,  as  far  as  can  be  judged  from  the 
figures,  have  lower  crowns  than  those  of  the  present  specimen,  with  the  costm  less 
strongly  developed  (especially  the  last  costa®  of  ni.  3),  the  middle  of  the  outer  surfaces 
of  the  lobes  less  perfectly  flat,  and  the  accessory  columns  less  strongly  developed, 
althougli,  according  to  Prof.  Gaudry,  there  is  a considerable  amount  of  variation  in 
this  respect.  In  Tragoceros  the  costae  appear  slightly  more  developed  than  in  Palceoryx, 
but  not  so  strongly  as  in  the  jDresent  specimen ; this  smaller  development  never 
admitting  of  the  worn  surface  of  the  first  costa  of  the  posterior  lobe  being  directed 
forwards  as  in  ni.  1,  fig.  13.  In  Tragoceros,  as  in  Palceoryx,  the  costae  unite  at  the 
‘ neck  ’ of  the  crown  to  form  a kind  of  cingulum.  Finally  the  outer  surface  of  pm.  P 
in  Tragoceros,  and  in  a slightly  less  degree  in  Palceoryx,  is  apparently  more  symmetrical 
than  in  the  present  specimen  ; the  middle  costa  being  placed  more  nearly  in  the 
median  line.  Both  the  Pikermi  genera  resemble  the  Siwalik  jaw  in  their  elongated 
pm.  3. 

Lower  molar. — The  lower  molar  represented  in  vol.  I.,  pi.  VIII.,  figs.  4,  6,  so 
closely  resembles  the  upper  one  figured  in  the  same  plate,  that  it  may  be  safely 
referred  to  the  same  species.  It  closely  resembles  the  corresponding  tooth  of  the 
eland. 

Distinctness  and  affinities. — The  teeth  of  allied  genera  of  ruminants  are  frequently  so 
similar  in  general  structure  that  it  is  a matter  of  extreme  difiiculty  to  deduce  from  them 
alone  the  generic  affinities  of  their  owners  ; and  all  determinations  from  such  evidence 
must  be  made  with  extreme  caution.  The  foregoing  comparisons  indicate,  however, 
pretty  conclusively  that  the  teeth  under  consideration  belonged  to  a large  antelope, 
of  which  the  largest  individuals  were  nearly  equal  in  size  to  the  largest  eland ; and 
that  this  antelope  was  most  nearly  allied  to  Oreas,  Palceoryx,  and  Tragoceros.  On  the 
whole,  its  relationship  appears  to  be  decidedly  nearest  to  the  first  of  these  three 
genera  (although  it  is  quite  possible  that  it  may  really  be  generically  distinct) ; and 
it  may,  therefore,  be  perhaps  admissible  to  refer  it  provisionally  to  that  genus,  until 
more  complete  remains  shall  be  obtained. 

Admitting  the  probability  of  the  present  form  being  very  intimately  related  to 
Oreas  and  the  larger  Pikermi  antelopes,  its  existence  in  the  Siwaliks  is  a matter  of 
much  interest,  as  it  is  one  more  instance  of  the  intimate  union  that  formerly  existed 
between  the  faunas  of  India,  Africa,  and  southern  Europe. 

Distribution.— KL.  the  known  remains  belonging  to  the  present  form  were  obtained 
from  the  Siwaliks  of  the  Punjab. 

1 Gaudry,  “ Animaux  Fossiles  et  Geologie  de  I’Altique,”  pis.  XLVII.-IX. 

2 Op.  cit.  3 Compare  pi.  XLVII.,  fig.  3,  of  Prof.  Gaudi’y’s  work. 

4 Pm.  3 in  Prof.  Gaudry’s  figures. 

C 
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Genus  : PAL^ORYX,  Gaudry, 

Distribution. — Two  species,  P.  pallasi  and  P.  parvidens^  have  been  determined 
from  Pikernii,^  and  a third,  P.  meneghinii^  has  been  recorded  by  Prof.  Riitimeyer®  from 
Italy. 

Pal^oryx  (?)  sp. 

History. — In  the  preface  to  tlie  first  volume  of  this  worlP  it  is  stated  that  two 
molars  from  the  Siwaliks  may  possibly  belong  to  the  present  genus. 

Upper  molar. — One  of  the  above-mentioned  teeth  (both  of  which  came  from  the 
Punjab)  is  represented  in  pi.  XIII.,  figs.  9,  10  : it  belongs  to  the  left  side,  and  is 
about  one-third  worn.  It  differs  from  the  molars  of  Oreas  (?)  latidens  (figs.  12,  13) 
by  the  crown  being  lower,  which  causes  the  outer  surfaces  of  the  lobes  to  be  relatively 
wider ; by  the  slighter  development  of  the  costse  (especially  the  last  costa  of  the 
hinder  lobe),  and  by  their  union  at  the  ^ neck  ’ to  form  an  imjierfect  cingulum  {not 
ivell  shown  in  the  figure).  It  also  differs  by  the  more  rugose  enamel,  the  less  perfect 
flatness  of  the  outer  surfaces  of  the  lobes,  and  the  compressed  form  of  the  accessory 
column  in  the  median  valley,  which  is  attached  entirely  to  the  posterior  ‘ crescent.’ 
In  all  these  respects  this  tooth  agrees  with  the  molars  of  Palceprg.v  and  Tragoceros ; 
but  seems  to  come  nearest  to  the  figured  specimens  of  the  former,  although  having  a 
larger  accessory  column  : the  size  of  this  column  is,  however,  so  inconstant  in  the 
European  form  that  it  cannot  be  regarded  as  of  generic  value.  Whether  the  present 
specimen  really  belongs  to  Palceorgx  may  be  considered  doubtful ; but  it  pretty 
certainly  indicates  a closely  allied  form,  and  a second  species  of  large  Siwalik 
antelope. 

Genus:  BOSELAPHUS,  Blainville. 

Syn.  P or  tax,  H.  Smith. 

Number  of  species. — The  genus  is  exclusively  Indian  ; comprising  the  existing  B 
tragocamelus^  (Pall.),  the  pleistocene  B.  namadicus  (Riitimeyer),  and  the  Siwalik  form 
described  below. 

Boselaphus,  sp. 

History. — In  1878  Prof.  Riitimeyer®  described  two  portions  of  the  cranium  of  a 
ruminant  from  the  Narbadas,  under  the  name  of  Portax  namadicus  : that  sjDecies 
being  distinguished  from  the  living  form  by  the  closer  approximation  of  the  horn- 

1 Op.  cit.,  pi.  XLVII.  2 “ Die  Rinder  der  Tertiar-Epoclie,”  p.  87  (‘  Abh.  schweiz.  pal.  Gesel,’ — 1877-8). 

3 Page  XV.  (1880). 

4 In  the  British  Museum  there  is  a part  of  the  right  maxilla  of  a ruminant  (No.  16,657)  from  the  Siwalik  Hills,  con- 
taining the  last  five,  cheek-teeth,  which  probably  indicates  a third  species  of  large  antelope.  The  last  molar  is  nearly  as  large 
as  in  the  figured  jaw  of  Oreas  (?)  latidens,  but  the  two  preceding  molars  and  the  two  premolars  are  very  much  smaller.  'Ihe 
teeth  come  nearest  to  those  of  that  form  ; but  the  first  costa  of  the  second  lobe  is  less,  and  the  last  costa  much  more  strongly 
developed  ; the  accessory  columns  in  the  median  valleys  are  somewhat  larger. 

5 Syn.  15.  (Pall.). 

6 “ Die  Rinder  der  Tertiar-Epoche,”  page  89,  in  ‘ Abh.  schweiz.  pal.  Gesel,’  vol.  V. 
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cores  to  the  orbits.  The  first  notice  of  the  occurrence  of  a species  of  this  genus  in 
the  Siwaliks  is  in  the  first  volume’  of  tlie  present  work,  where  some  teeth  and  jaws 
are  briefly  mentioned  under  the  name  of  Portax.  In  a subsequent  notice^  a fore-limb 
from  the  Siwaliks  of  the  Punjab  was  also  referred  to  the  same  genus ; but  no  specific 
name  was  assigned  in  either  case. 

Upper  dentition. — In  plate  XIII.,  fig.  1,  there  is  represented  the  masticating  and 
inner  aspect  of  the  cheek-teeth  of  the  left  maxilla  of  a ruminant  collected  by  Mr. 
Theobald  in  the  Siwaliks  of  the  Punjab.  The  specimen  belonged  to  a young 
individual  and  shows  the  three  milk-molars  (mm.  2,  mm.  3,  mm.  4)  in  a well-worn 
condition,  and  the  first  and  second  true  molars  (mm.  1,  mm.  2)  in  an  early  condition 
of  wear,  and  not  fully  protruded.  In  figure  2 there  is  represented  the  external 
aspect  of  the  teeth  of  a precisely  similar  left  maxilla,  from  the  same  locality,  con- 
taining mm.  3,  mm.  4,  and  m^ . 

It  will  suffice  to  say  that  the  teeth  of  these  specimens  correspond  so  exactly 
with  the  homologous  teeth  of  a young  female  individual  of  Boselaphus  tragocamelus 
that  there  can  be  little  hesitation  in  referring  them  to  the  same  genus. ^ The  only 
difference  that  can  be  detected  between  the  recent  and  fossil  teeth  is  that  the  latter 
are  of  considerably  larger  size,  and  that  the  central  enamel-pits  of  the  true  molars 
are  less  deep,  while  the  hinder  wall  of  the  posterior  ‘ crescent  ’ of  m.  2 is  somewhat 
lower,  thus  causing  the  union  of  the  dentine  surface  of  this  ‘ crescent  ’ with  that  of 
the  corresponding  ’ lobe  ’ to  be  somewhat  later.  The  lesser  depth  of  the  middle 
enamel-pits  causes  the  lip  of  the  ‘ crescents  ’ of  the  fossil  teeth  to  be  thicker  than  in 
those  of  the  living  species.  In  the  following  table  the  dimensions  of  the  fossil  teeth 
are  compared  with  those  of  the  above-mentioned  skull  of  B.  tragocamelus.,  viz.\ — 


Length  of  five  teeth 


) > 


> > 


,,  mm.  2 
)>  )>  3 

,,  ..  4 

,,  m.  I 


Fossil.  B.  tragocamelus. 


4-65 

3-73 

0-83 

0-67 

0-92 

0-94 

0-78 

0-9 

0-92 

0-72 

IT 

Ml 

0-97 

1T9 

1-05 

In  figure  7 of  the  same  plate  there  is  represented  a well-worn  left  upper  true 
molar,  from  the  Siwaliks  of  the  Punjab,  in  which  the  greater  part  of  the  accessory 
column  in  the  median  valley  has  been  broken  away.  The  tooth  of  which  two  views 
are  given  in  figures  8,  11  of  the  same  plate  is  an  almost  unworn  right  upper  true 
molar,  from  the  same  locality.  In  this  specimen,  as  in  m,  1 of  fig.  2,  the  first  costa 
of  the  anterior  crescent  is  less  strongly  developed  than  in  the  true  molars  of  fig.  1 ; 
but  it  is  probable  that  this  difference  is  merely  of  individual  value. 

Loiver  de^itition. — In  plate  XIII.,  fig.  5,  there  is  represented  a fragment  of  the 
left  ramus  of  the  mandible  of  a large  ruminant,  collected  by  Mr.  Theobald  in  the 
Siwaliks,  which  from  its  size  and  the  resemblance  of  its  teeth  to  those  of  the  nilgai 


1 Page  XV.  (1880).  2 “ Records,”  vol.  XVI.,  p.  76. 

3 The  molars  of  Uippotragus  are  very  similar  to  those  of  Boselaphus,  hut  have  the  borders  of  their  outer  surfaces  more 
nearly  parallel. 
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may  be  referred  to  tlie  present  species..  This  specimen  contains  the  tlirec  true 
molars  in  a well-worn  condition ; and  is  distinguished  from  the  mandible  of  the 
living  species  merely  by  its  superior  size,  and  the  lesser  de^^th  of  the  median  enamel - 
pits.  The  dimensions  of  this  specimen  are  as  follows,  vis.: — 

Length  of  three  true  molars  . . . 3'2o  Length  of  m.  3 . . . . . . 1’.5 

,,  ,,  m.  1 0-85  Depth  of  Jaw  at  ni.  3 1-87 

„ n „ 2 0-9.5 

There  are  numerous  similar  specimens  in  the  Indian  Museum  from  the  Siwaliks 
' of  the  Punjab,  and  one  or  two  from  the  t3’pical  Siwalik  Hills.  In  fig.  3 of  the  same 
2)late  there  is  represented  part  of  the  dentition  of  the  right  ramus  of  the  mandible 
of  a young  individual,  showing  the  well-worn  uim.  3 and  mm.  4,  and  mil  veiy  slightly 
worn : the  inner  portions  of  the  lobes  and  parts  of  the  crescents  of  the  last  two 
teeth  have  been  broken  away.  In  figure  4 of  the  same  plate  there  is  represented  a 
portion  of  the  left  ramus  of  the  mandible  of  a still  younger  individual,  showing  the 
three  milk-molars  in  an  early  stage  of  wear,  and  the  summit  of  the  first  lobe  of  mM, 
which  had  not  cut  the  gum.  Both  these  specimens  were  obtained  by  Mr.  Theobald 
from  the  Siwaliks  of  the  Punjab;  and  so  closely  resemble  young  mandibles  of  B. 
tragocamelus  that  they  may  be  referred  to  the  present  species.  The  onl}'  essential 
difference  between  the  living  and  fossil  form  is  the  sujDerior  size  of  the  latter. 

Limb-hones. — From  the  Siwaliks  of  Niki  in  the  Punjab  Mr.  Theobald,  as  already 
mentioned,  obtained  a nearl}^  complete  right  fore-limb,  and  part  of  the  associated 
ramus  of  the  mandible,  and  axis  vertebra  of  the  present  species,  which  are  now  in 
the  Indian  Museum  (No.  B.  268).  The  fragment  of  the  mandible  agrees  precisely 
with  the  one  represented  in  plate  XIII.,  fig.  5 ; and  the  limb-bones  are  so  like  those 
of  the  nilgai  that  it  has  not  been  considered  necessaiy  to  figure  them.  The  radius 
is  one  inch  longer  than  the  corresponding  bone  of  the  skeleton  of  a male  nilgai  in 
the  Museum  of  the  Rojml  College  of  Surgeons  (No.  1347). 

Distinctness  and  affinities. — The  foregoing  comparisons  indicate  that  the  Siwalik 
nilgai  was  closely  allied  to  the  existing  species,  but  that  it  exhibited  slight  differences 
Avliich  may  be  of  specific  value.  With  regard  to  B.  namadiciis  (Riit.^),  it  unfortunately 
happens  that  that  species  is  described  on  the  evidence  of  crania  without  the  teeth,  so 
that  it  is  impossible  to  institute  a comparison  between  the  Siwalik  and  Narbada 
forms.  There  are  in  the  Indian  Museum  some  teeth  of  the  genus  from  the  pleistocene 
of  the  Pemganga  valley,  which  probably  belong  to  B.  nainadicus  ; but  they  have  not 
been  compared  with  those  of  the  Siwalik  form.  Under  these  circumstances  it  is 
impossible  to  sa}^  whether  the  latter  is  specifically  distinct  from  B.  namadicus^  and  it 
is,  therefore,  inadvisable  to  give  it  a separate  name.^ 

Distribution. — Remains  of  this  species  are  of  common  occurrence  in  the  Siwaliks 
of  the  Punjab  ; and  one  specimen  has  been  obtained  from  the  typical  Siwalik  Hills. 

1 Op.  cit. 

2 It  may  be  observed  that  the  molars  of  the  present  species  present  a superficial  resemblance  to  those  of  Cervus  triplidciis 
(vol.  I.,  pi.  VITI.,  figs.  1,  2)  ; both  forms  being  markedly  hypsodont.  The  molars  of  Boselaphus  are,  ho-wever,  readily 
distinguished  by  the  lesser  development  of  the  costte  (especially  the  median  costa  of  the  hind  lobe)  ; and  by  the  circumstance 
that  on  its  outer  surface  the  crown  of  each  tooth  is  much  wider  near  its  summit  than  at  its  ‘ neck.’ 
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Genus  : ALCELAPHUS,  Blainville. 

Species:  Alcelaphus  pal^eindicus  (Falc.). 

Syn.  Anfilope  palceindica,  Falconer. 

Generic  determination. — Prof.  RiitimeyeP  has  shown  that  the  so-called  Antilope 
palwindica^^  Falc.,  is  closely  allied  to  the  African  bonte-hok  and  bless-bok,  and  may 
be  referred  to  the  same  genus.  Prof.  Rtitimeyer  retains  the  genus  Damalis  for  the 
living  species ; but  in  Prof.  Flower’s  classification  they  are  included  in  Alcelaphus., 
and  the  fossil  form  will  accordingly  be  termed  Alcelaphus  palceindicus. 

This  identification  affords  another  instance  of  the  intimate  connection  between 
the  Indian  and  African  faunas. 


Family  : TRAG  ULIDM. 

Genus  : TRAGULUS,  Pallas  {ex  Brisson). 

Distribution,  etc. — With  the  exception  of  the  form  described  below  this  genus 
has  not  been  recorded  in  the  fossil  conditioiP;  although  it  is  probable  that  the  allied 
Ilyomoschus  is  represented  by  Dorcatherium  of  the  Eppelsheim  beds  and  Siwaliks.^ 
The  living  species  are  confined  to  Wallace’s  Oriental  region,  and  comprise  T.javanicus 
(Gmelin),®  of  Java,  etc.;  T.  (Raffles),  of  Java,  Tennasserim,  etc.; ' T.  meminna 

(Erxh),  of  India;  T.  napu  (F.  Guv.),  of  Sumatra,  and  T.  Stanley  anus  (Gray),  of  Java. 
In  the  trenchant  form  of  the  earlier  upjDer  premolars®  the  genus  is  markedly  distinct 
from  the  cervine  ruminants  Next  to  Ilyomoschus,  according  to  Prof.  Riitimeyer,  the 
nearest  ally  of  Trayulus  is  Drodremotherium^  Filhol ; and  it  is  connected  by  the  latter 
with  Gelocus,  Kow.,  and  so  with  Ccenotherium.  By  many  writers®  the  genera 
Dremotherium,  E.  Geoff r.,  and  Amphitragidus  are  considered  to  be  closely  allied  to  the 
chevrotains  ; but  they  are  placed  by  Prof.  Rtitimeyer  nearer  to  Cervus. 

Species  : Tkagulus  sivalensis,  nobis. 

History. — In  1882  the  present  writer®  gave  a preliminary  notice  of  an  U2:»per 

1 “ Die  Einder  der  Tertiiir-Epoche  ” (‘  Abh.  sebweiz.  pal.  Gesel,  ’ 1877-8),  pp.  88-9. 

2 “ Pal.  Mem.,”  vol.  I.,  pi.  XXTII.  3 Unless  Moschus  meycri,  Goldf.,  belong  to  it. 

4 In  a recent  memoir,  “ Beitrage  zu  der  Gescliicte  der  Hirscli-familie  ” (‘  AhJiand.  schweiz.  pal.  aes.,’  1883),  pp.  70-78, 

Prof.  Eutimeyer  apparently  comes  to  the  conclusion  that  the  genera  Dorcatherium  and  Uyomoschus  should  be  united.  The 
former  name  (Kaup,  1836)  has  the  priority  over  the  latter  (Gray,  1845);  but  it  is  doubtful  if  zoologists  would  accept  the 
substitution  of  Dorcatherium  of  the  genus.  For  the  so-called  Dorcatherium  raid,  Kaup,  Eutimeyer  adopts  the 

name  llytmosclnts  crassus,  Lartet ; but  the  specific  name  naui  has  the  priority  (1836),  crassus  having  been  applied  in  1851 
(Dicrocerus  crassus,  Lartet).  The  generic  characters  of  Dorcatherium  given  in  the  first  volume  of  the  present  work  are  incorrect. 

5 Crania  of  several  species  are  figured  by  Milne-Edwards  in  “ Eecherches  sur  la  Famille  des  Chevrotains,”—'  Ann.  Sci. 
Nat.’  ZooL,  5th  ser.,  vol.  II.,  pis.  VIII.,  IX.,  X.  (1864)  ; where  the  synonomy  is  also  given. 

6 Prof.  Eutimeyer  (op.  cit.)  employs  the  terms  heterodont  and  homocodont  for  these  two  typos  of  selenodont  dentition  ; 
since,  however,  the  same  terms  are  applied  in  a much  wider  sense  to  the  mammalian  dentition  their  employment  in  the  former 
sense  is  inadvisable. 

7 For  the  characters  of  this  and  allied  genera  see  Filhol,  “ Phosphorites  du  Querej^,”  p.  448,  et.  fcq.,  and  “ Mam.  Foss, 
do  Eonzon,”  p.  240,  it.  srq.  (reprints). 

8 See  Milne-Edwards,  op.  cit.,  pp.  148-9.  9 “ Eecords,”  vol.  XV.,  p.  30. 
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molar  from  the  Siwaliks,  which  was  referred  to  the  present  genus,  with  the  provisional 
name  sivalensis. 

Upper  molars. — The  above-mentioned  tooth  is  represented,  of  twice  the  natural  size, 
in  the  two  figures  on  the  right  side  of  the  accompanying  woodcut ; the  U2)per  figure 
being  taken  from  the  masticating,  and  the  lower  from  the  outer  aspect.  The  tooth 
belongs  to  the  left  side,  and  appears  to  be  the  last  of  the  true  molar  series  : the 

crown  is  about  one-third  worn  down.  It  was  obtained  by 
Mr.  Theobald  from  the  Siwaliks  of  Asnot,  Punjab. 

This  tooth  is  of  the  same  size  and  shape^  as  the  cor- 
responding molar  of  the  existing  Tragiilus  meminna  ; the  only 
perceptible  difference  between  the  two  being  that  the  first 
costa  of  the  anterior  lobe  of  the  fossil  is  rather  more  pro- 
minent than  in  the  living  species.^  In  this  respect  the  fossil 
makes  some  approach  to  Moschus,  but  is  distinguished  by  the 
later  period  at  which  the  worn  dentine  surfaces  of  the  inner 
crescents  unite,  and  by  the  less  elongated  form  of  the  crown. 

The  resemblance  of  the  molar  teeth  of  the  different 
existing  species  of  Tragulus  is  so  close  that  it  seems  doubtful 
if  any  distinction  beyond  differences  in  size  can  be  drawn 
between  them.  The  resemblance  existing  between  the  fossil 
tooth  and  the  molars  of  T.  meminna  renders  it  almost  certain  that  the  former  belongs 
to  the  same  genus  ; but  additional  remains  are  required  before  specific  characters  can 
be  determined.  In  the  meanwhile  in  order  to  record  the  probable  occurrence  of  the 
genus  in  the  fossil  state  the  Siwalik  form  may  retain  the  provisional  name  of  T. 
sivalensis. 

The  occurrence  of  this  essentially  Oriental  genus  in  the  Siwaliks  is  only  what 
might  have  been  expected ; and  it  is  to  be  hoped  that  additional  remains  may  be 
forthcoming,  which  will  indicate  the  relationship  of  the  fossil  to  the  living  species. 

Family;  CEBVIUM. 

Genus  : MOSCHUS,  Linn. 

Distribution. — The  genus  is  now  represented  by  M.  moschiferus^  and  is  essentially 
Palsearctic,  although  ranging  within  the  northern  limits  of  the  Oriental  region.  An 
allied  genus  Amphimoschus  has  been  named  from  the  miocene  of  Europe  ; but  it  does 
not  appear  that  the  genus  Mosclius  has  been  certainly  obtained  in  the  fossil  state, 
although  certain  remains  have  been  so  named.  The  earlier  upper  premolars  are 
selenodont. 

Moschus  (?)  sp. 

Upper  premolar. — On  the  left  side  of  the  woodcut  figure  6 there  are  given 

1 The  foreshortening  of  the  tooth  in  the  woodcut  mahes  the  crown  appear  elongated,  whereas  it  is  really  square. 

2 Not  well  shown  in  the  figure. 


Fig.  6.  Tragulus  sivalehiiSjdiXi^ 
Moschus  (?)  sp.  The  two  figures 
on  the  right  represent  the  third 
left  upper  true  molar  of  the 
former ; and  those  on  the  left 
the  fourth  right  upper  premolar 
provisional!}'  referred  to  the 
latter.  Indian  Museum  (Nos. 
B.  360,  437).  I- 
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two  views,  twice  the  natural  size,  of  the  last  right  upper  premolar  of  a small 
ruminant,  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab ; which  is  in 
a partially  worn  condition  and  is  somewhat  smaller  than  pm.  4 of  the  musk-deer.  It 
agrees,  however,  essentially  in  form  with  tliat  tooth  ; showing  the  prominent  median 
costa,  placed  somewhat  on  the  anterior  side  of  the  median  line  of  the  dorsum^,  and 
the  equally  prominent  anterior  and  posterior  costse,  which  unite  in  a raised  horizontal 
line  along  the  base  of  the  crown.  The  corresponding  tooth  of  Tragiilus  is  readily 
distinguished  by  the  still  more  eccentric  position  of  the  median  costa  and  the 
practically  total  absence  of  the  lateral  costae.  In  the  smaller  true  deer  [e.g.  Cervuliis 
mimtjac)  pm.  4 is  almost  identical  in  form  with  that  of  Moschus,  but  is  very  much 
larger. 

As  it  is  impossible  to  distinguish  the  tooth  under  consideration  from  that  of  the 
musk-deer  except  by  its  inferior  size,  and  as  it  is  distinct  from  the  corresponding 
tooth  of  Tragulus,  Avhile  the  premolars  of  the  smaller  true  deer  are  of  considerably 
larger  size,  it  appears  highly  probable  that  the  specimen  belongs  to  a species  of 
Moschus,  although  it  would  be  hazardous  to  say  that  such  was  certainly  the  case. 

If  future  discoveries  should  confirm  this  view,  it  would  indicate  that  the  original 
home  of  the  race  from  which  the  existing  musk-deer  has  sprung  was  probably  in  the 
Oriental  region. 

Genus:  CERVUS,  Linn. 

This  genus  is  taken  to  include  Axis,  Busa,  Rucervus,  Elaphurus,  PanoUa,  Dama, 
Alegaceros,  etc. 


Species  1 : Cnavus  simplicidens,  nohis. 

Historg. — This  species  was  named  in  1876  on  the  evidence  of  two  left  upper 
true  molars  described  and  figured  in  the  first  volume  of  this  work^ ; although  their 
affinities  were  not  fully  determined.  In  the  preface  to  the  volume^  reference  was 
made  to  a portion  of  a cranium  belonging  to  the  same  species,  which  forms  the 
subject  of  the  present  notice. 

Upper  dentition. — The  above-mentioned  portion  of  the  cranium  was  obtained  by 

Mr.  Theobald  from  the  Siwaliks  of  the  Punjab  ; and 
the  dentition  of  the  left  side  is  rej^resented  from 
the  masticating  aspect  in  plate  XIII , fig.  6,  and 
from  the  outer  side  in  the  woodcut  (fig.  7).  The 
cranium  is  too  imperfect  to  afford  a satisfactory 
figure  : it  comprises  the  portion  between  the  middle 
of  the  orbit  and  the  anterior  limit  of  the  series  of 
cheek-teeth.  It  is  of  larger  size  than  the  correspond- 
ing portion  of  the  cranium  of  the  Indian  Cervus  axis, 
Erxleb,  but  agrees  very  closely  in  form  : it  shows  the  broad,  flat  frontals,  the  deep 

1 This  is  placed  in  the  figure  too  near  the  median  lino. 


pm.  3 pm.  4 m.  1 m.  2 m3 

Fig.  7.  Cervus  siMpUcidens,  nobis.  Outer 
view  of  the  cheek-teeth  of  the  left  side.  |. 
Indian  Museum  (No.  B.  349). 


2 Page  69,  plate  VIII.,  fig.  3. 


3 Page  xvii. 
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preorbital  fossa,  and  the  commencement  of  tlie  larmial  vacuity,  characteristic  of  the 
deer ; whence  the  specimen  may  be  safely  referred  to  tliat  group.  On  the  right  side 
all  the  cheek-teeth  are  preserved,  with  the  exception  of  pm.  2 ; a part  of  the  outer 
side  of  pm.  .3  and  m.  8 is  broken  away  ; and  the  teeth  are  about  one-third  worn. 
The  true  molars  agree  with  the  little-worn  type  molars  of  C.  simplicidens  (vol.  I., 
pi.  VIII.,  fig.  3),  with  tlie  exception  that  the  accessory  columns  in  the  median  valleys 
are  more  strongly  developed ; this  cannot,  however,  in  all  probability  be  regarded  as 
more  than  an  individual  variation,  and  the  present  s^jecimen  may  accordingly  be 
referred  to  that  species. 

In  size  the  specimen  agrees  very  closely  with  the  Indian  C.  duvaiwelli,^  Cuv.;  but 
is  distinguished  by  its  more  ‘ hypsodont  ’ character,  and  the  less  strongly  developed 
costm  of  the  molars.  In  both  these  respects  the  fossil  is  exceedingly  close  to  C.  axis ; 
which  is  more  hypsodont  than  the  majority  of  the  family.^  This  hypsodont  character 
is  well  shown  in  the  woodcut,  where  the  ‘ necks  ’ of  the  crowns  of  the  true  molars 
occujiy  very  different  levels,  as  in  G.  axisd  With  the  exception  of  their  considerably 
larger  size,  the  only  difference  tliat  can  be  detected  between  the  teeth  of  the  fossil 
and  those  of  0.  axis  is  that  i>m.  3 is  relatively  shorter  in  the  latter,  and  the  outer  part 


of  pni.  ‘ 

1 rather  less  symmetrical,  and  the  true 

molars  relatively  wider. 

The  following 

dimensions  indicate  the  difference  in  the  size 

and  proportions  of  the  fossil  and  recent 

forms 

Width  of  intermolar  space  at  m.  1 . . 

C.  sivalensis.  C 

2-08 

axis. 

1 85 

Interval  between  outer  surfaces  of  second  molars 

3-76 

3 15 

Length  of  five  cheek-teeth  .... 

3 48 

2-74 

,,  ,,  three  true  molars  .... 

2-4 

204 

,,  ,,  pm.  3 

0-68 

0-45 

,,  ,,  m.  2 

0-88 

0-82 

Width  ,,,,,, 

0-94 

0-72 

Distinctness  and  affinities. — It  does  not  appear  that  there  is  any  other  species  of 
deer  of  which  the  teeth  approach  so  closely  to  G.  simplicidens  as  do  those  of  G.  axis  ; 
and  it,  therefore,  seems  probable  that  the  former  should  be  regarded  as  an  ancestral 
form  of  the  latter.  There  seem  no  valid  grounds  for  referring  any  of  the  mandibles 
or  antlers  of  the  Siwalik  deer  to  the  present  species. 

Distribution. — Both  the  specimens  referred  to  this  species  were  obtained  from  the 
Punjab. 

Species  2 : Cervus  triplidens,  nobis. 

History. — This  species  was  founded  at  the  same  time  as  the  last.^ 

Upper  molars. — The  type  second  and  third  upper  molars  are  figured  in  vol.  I., 
pi.  VIII.,  figs.  I,  2,  and  their  dimensions  are  given  on  page  68.  These  teeth  are  but 

1 In  the  original  description  the  fossil  species  was  considered  to  ho  allied  to  this  species. 

2 Vide  Flower,  Article  “ Mammalia,”  p.  432  in  the  ‘ Encyclopedia  Britannica,’  0th  ed. 

3 In  the  more  ‘ brachj’'dont  ’ forms  {e.g.  Cervus  duvaucelli,  and  still  more  C.  kashmirianus)  the  ‘ necks  ’ of  the  true  molars 
occupy  nearly  the  same  line  [vide  Flower,  loc.  cit.'. 

4 Vol.  I.,  p.  67  (1870).  The  remark  as  to  the  shallowness  of  the  median  enamel  pits  is  incorrect. 
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little  worn  ; paid  from  tlieir  general  structure,  and  especially  the  strongly  marked 
costae  on  tlieir  outer  surfaces,  there  seems  no  doubt  but  that  the  generic  reference  is 
correct.  They  are  distinguished  from  those  of  G.  simplicidens  by  their  still  higher 
crowns  (the  height  of  m.  3 exceeding  its  width),  and  the  more  strongly  marked  costae 
on  their  outer  surfaces  ; this  hypsodont  character  being  well  exhibited  by  the  extreme 
inequality  in  the  degree  of  protrusion  of  m.  2 and  m.  3. 

The  species  of  deer  apparently  nearest  to  the  fossil  is  C.  davidiotnus  (A.  Milne- 
Edwards'),  of  North  China,  which  seems  to  be  more  hypsodont  than  any  other  living 
species,  and  whose  molars  have  very  strongly  marked  costae.  The  remains  of  the 
Siwalik  form  are  not  sufficiently  complete  to  indicate  its  exact  relations  to  the  living 
species,  but  there  is  every  probability  that  the  two  were  more  or  less  intimately  allied. 

Distribution. — The  type  specimens  and  perhaps  a part  of  a maxilla  in  the  Indian 
and  another  in  the  British  Museum  are  the  only  ones  that  can  be  referred  to  the  species^ ; 
the  former  were  obtained  from  the  Punjab,  and  the  latter  from  the  Siwalik  Hills. 

Species  3 : Cervus  sivalensis,  nobis. 

History. — In  the  original  description  of  Cervus  triplidens^  it  was  stated  that  two 
lower  molars  of  a Cervus  figured  in  vol.  I.,  pi.  VIII.,  fig.  5,  might  possibly  belong  to 
that  species  ; but  it  was  stated  in  the  preface  to  the  same  volume^  that  this  conjectural 
reference  was  incorrect,  and  the  name  C.  sivalensis  was  proposed  for  the  species  to 
which  the  lower  teeth  belonged ; this  name  having  been  subsequently  quoted  in  a list 
of  Siwalik  mammals.® 

Upper  molars. — As  the  previous  species  have  been  determined  from  the  characters 
of  the  upper  molars,  it  is  desirable  that  the  same  should  be  done 
with  the  present  species,  and  accordingly  two  upper  molars  have 
been  taken  as  the  type,  which  are  so  similar  to  the  above- 
mentioned  lower  molars  that  they  evidently  belonged  to  a closely 
allied,  if  not  specifically  identical  form.  These  two  teeth,  the 
least  worn  of  which  is  represented  in  the  accompanying  woodcut 
(fig.  8),  are  implanted  in  a fragment  of  the  left  maxilla,  from  the 
Siwalik  Hills,  presented  to  the  British  Museum  by  Mr.  C. 
Falconer.  The  ‘ necks’  of  the  two  teeth  are  placed  on  the  same 
line,  which  indicates  a more  ‘ brachydont  ’ form  than  either  of  the 
two  preceding  species ; but  the  much-worn  condition  of  the 
present  teeth  forbids  a more  exact  comjoarison  in  this  respect. 
The  present  teeth  are  also  distinguished  by  the  more  rugose 
character  of  their  enamel,  which  approaches  that  of  the  giraffe ; 
and  by  the  presence  of  a distinct  cingulum. 

1 ‘ Nouv.  Arch.  d.  Mus.,’  Bulletin,  vol  II.,  p.  27  (1866).  The  teeth  figured  are  very  much  worn : a skeleton  in  the 
British  Museum  shows  them  in  an  early  condition  of  wear. 

2 In  the  original  description  mention  is  made  of  part  of  a mandible  : this,  however,  belongs  to  another  species. 

3 Vol.  I , p.  68.  4 Page  xvii.:  the  name  simplicidens  is  erroneously  given  in  place  of  C.  triplidens. 

5 “ Records,”  vol.  XVI.,  p.  83  (1883). 

E 


Fig.  8.  CervUs sivalensis. 
nobis.  Last  left  upper 
true  molar ; from  the 
Siwalik  Hills.  British 
Museum  (No  48,440). 
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1, 

In  size  tliese  teetli  agree  very  closely  witli  tliosei-  of  0.  duvaucelli]  and  they  also 
agree  in  the  contour  of  their  outer  surface,  and  in  tli-e  flatness  of  their  masticating 
surface^ ; but  differ  by  the  more  rugose  enamel,  tl^ie  distinct  cingulum,  and  the 
smaller  size  of  the  accessory  inner  column.  \ 

Lower  molars. — The  lower  molars  mentioned  abojve  are  represented  in  vol.  I., 
pi.  VIII.,  fig.  5 : they  are  the  two  last  teeth  of  thfe  right  side,  in  a well-worn 
condition,  and  were  obtained  from  the  Siwaliks  of  the  Punjab.  They  agree  with 
the  upper  molars  in  their  short  crowns,  rugose  enamel,  Isize,  and  the  flatness  of  the 
masticating  surface  of  the  crown  when  well  worn  (lYV)l 

Affinities. — The  present  specimens  are  insufficient  tcj)  determine  the  full  affinities 
of  the  species  to  which  they  belonged  ; and  as  the  writer  has  not  an  opportunity  of 
comparing  them  with  the  teeth  of  all  species  of  the  genus  their  specific  distinctness 
cannot  be  insisted  on  ; so  that  the  name  C.  sivalensis  must  be  regarded  as  provisional. 
Their  interest  lies  in  the  fact  of  their  proving  the  existence  of  a third  species  of 
Siwalik  deer,  and  thus  showing  that  the  group  was  strongly  represented  in  that 
period.^  I. 

Distribution. — The  remains  noticed  above  were  obtained  from  the  Siwalik  Hills 
and  the  Punjab. 

Synopsis  of  Siwalik  and  Naebada  Mammalia. 

Introductory. — The  present  synopsis  includes  all  the  specifically  named  mammals 
from  the  Siwaliks  and  Narbadas  (together  with  Rhinoceros  deccanensis\  and  the  best 
defined  of  the  unnamed  forms. 

The  hope  expressed  in  Prof.  FloAver’s  recently  published  Catalogue  of  the 
Mammalia  in  the  Museum  of  the  Royal  College  of  Sm'geons^  that  the  generic  and 
specific  names  therein  employed  might  receive  general  adoption  has  induced  the 
present  writer  to  follow  in  the  main  that  nomenclature  ; and  it  has  accordingly  been 
necessary  to  change  some  of  the  names  employed  in  the  earlier  parts  of  this  work. 
The  use  of  subgeneric  names  has  been  entirely  abolished ; and  the  writer  desires 
that  the  names  given  in  the  synopsis  should  be  adopted  for  the  future.  The  reference 
to  each  genus  indicates  the  passage  in  which  it  was  originally  named ; and  in  the 
case  of  species  the  first  reference  indicates  the  first  publication  of  the  name,  and  the 
second  the  place  where  a fuller  description  is  given  : in  cases  where  the  naming  of  a 
species  is  coincident  with  its  description  but  one  reference  is  given.  The  generic 
references  are  in  many  cases  given  on  the  authority  of  Prof.  Flower. 

1 The  molars  of  the  samhar  (C.  arutotelis,  Cuv  ) are  slightly  larger,  and  are  readily  distinguished  hy  the  conca%dtyof  the 
middle  part  of  the  outer  surface  of  each  lobe.  Those  of  C.  kashmirianus,  Falc.  (which  agree  very  closely  with  those  of  C. 
elaphus  and  G . canadensis)  are  of  the  same  size,  but  have  the  cost®  less  deeply  marked,  and  the  worn  masticating  surface 
thrown  into  deep  ridges  and  grooves. 

2 An  imperfect  Siwalik  cranium  in  the  British  Museum  (No.  39,590)  possibly  indicates  a fourth  species  of  Cervus.  The 
molars  are  brachydont,  and  are  smaller  than  those  of  C.  sivalensis.  A fragment  of  a mandible  in  the  same  collection 
corresponds  in  size  with  this  cranium. 

3 London,  1884. 
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Tlie  approximate  distribution  in  time  of  each  species  is  given  (as  far  as  it  can  be 
determined) ; but  for  tlie  distribution  in  space  the  reader  must  refer  to  the  descrip- 
tions. In  cases  where  the  term  ‘ Siwalik  ’ is  used  it  implies  the  upper  Siwaliks  ; but 
in  many  cases  it  not  improbably  includes  a part  of  the  lower  Siwaliks.  The  sequence 
of  the  orders  is  that  adopted  by  Prof.  Flower  in  the  ‘ Proc.  Zool.  Soc.,’  1883^, 
with  the  exception  that  the  series  is  arranged  from  the  highest  to  the  lowest. 

The  dates  have  been  gone  through  with  great  care,  and  in  some  cases  amend- 
ments have  been  made  on  those  previously  given.  Some  emendations  have  also  been 
made  in  the  authorities  for  certain  species. 


Class 

Order  IprimuteH. 

Sub-Order  ANTHROPOIDEA. 
Family  SIMIID^. 

Genus  PAL^OPITHECUS,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  XII.,  p.  33,  (1879). 

Pal^opithecus  sivalensis,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  XII.,  p.  33,  (1879). 
Siwalik. 

Family  CERCOPITHECID^. 

Genus  SEMNOPITHECUS,  F.  Cuv. 

“Hist.  Nat.  des  Mammiftres,”  (1821),  (Scmno- 
pitheque). 

Semnopithecus  pal^indicus,  Lyd.^ 

The  name  is  applied  here  for  the  first  time. 

“ Palagontological  IMemoirs,”  vol.  L,  pi.  XXLV., 
figs.  5,  6,  7,  8. 

Siwalik. 

Genus  MACACUS,  Desm. 

“ Mammalogie  ” p.  63  (1820). 

Macacus  sivalensis,  Lyd. 

‘Rec.  Geol.  Surv.  Ind.,’  vol.  XL,  p.  70,  (1878). 
Siwalik. 

Genus  CYNOCEPHALUS,  Lac^pfede. 

“Nouv.  Tab.  Meth.”  (1799),  in  ‘Mem.  d.  I’lnstitute,’ 
vol.  III.,  p.  490  (1801). 

1 Page  178. 

2 The  reasons  for  assigning  this  form  to  Semnopithecus, 
in  the  forthcoming  Catalogue  of  the  Fossil  Mammalia  in  the 

3 A large  unnamed  feline  occurs  in  the  Narbadas;  vide 


Cynocephalus  subhimalayanus,  (H.Meyer). 

Syn.  Semnopithecus  siihhimalay anus , H.  Meyer. 

In  Bronn’s  “Index  Palaeontologicus,”  p.  1133,  (1848). 
“Palaeontological Memoirs,”vol.  I.,  pi. XXIV.,  figs,  i,  2 
Siwalik. 

Cynocephalus  sp.  Lyd. 

“ Palaeontological  Memoirs,”  vol.  L,  pi.  XXIV. 
figs.  3,  4. 

Siwalik. 

Order 

Sub-Order  Cunttbuni  ^m\. 

Family  FELIPJE. 

Genus  MACH^RODUS,  Kaup. 

“ Oss.  Foss,  de  Darmstadt,”  pt.  2,  p.  24  (1833) 
{Machairodus). 

MACHiERODus  SIVALENSIS,  (Falc.  and  Caut.) 

Syn.  Drepanodon  sivalensis,  Falc.  and  Caut. 

“Palaeontological  Memoirs,”  vol.  I.,  p.  550  (1868). 
Supra,  vol.  II.,  p.  334. 

Siwalik. 

MACHiERODUS  PAL^INDICUS,  Bose. 

‘Quart.  Journ.  Geol.  Soc..’  vol.  XXXVI.,  p.  125(1880). 
Supra,  vol.  II.,  p.  341. 

Siwalik. 

Genus  FELIS,"  Linn. 

“ Syst.  Nat..”  ed.  12,  vol.  I.,  p.  61  (1766). 

and  the  two  succeeding  forms  to  Cynocephalus  will  bo  given 
British  Museum,  by  the  present  writer. 

supra,  vol.  II.,  p.  346. 
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Felis  cristata,  Falc.  and  Cant. 

Syn.  F.  g randier  is  tata,  Bose. 

“Asiatic  Researches,”  vol.  XIX.,  p.  135  (1836). 
Supra,  vol.  II.,  p.  320. 

Shualik. 

Felis  (?  cyn^lurus)  brack ygnathus,  Lyd. 

Supra,  vol.  II.,  p.  326,  (1884). 

Siwalik. 

Felis,  sp.  Lyd.  (allied  to  F.  pardus). 

Supra,  vol.  II.,  p.  328  (1884). 

Siwalik. 

Felis,  sp.,  Lyd.  (allied  to  F.  lynx). 

Supra,  vol.  II.,  p.  329  (1884). 

Siwalik. 

Felis  subhimalayana,  Broun. 

In  Bronn’s  “Index  Palaeontologicus,”  p.  492  (1848), 
Supra,  vol.  IL,  p.  330. 

Siwalik. 

Genus  AELUROGALE,  Filliol. 

‘ Bibliothdque  des  Hautes  Etudes,’  vol.  XVI.,  p.  39 
(1877). 

.^lurogale  sivalensis,  Lyd. 

Syn.  Pseudcelarus  sivalensis^  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  X.,  p.  83  (1877). 

Supra,  vol.  II.,  p.  317. 

Siwalik. 

Genus  ^LUROPSIS,  Lyd. 

Supra,  vol.  II.,  p.  316  (1884). 

-^LUROPSis  annectans,  Lyd. 

Supra,  vol.  II. , p.  316  (1884). 

Siwalik. 

Family  HYMNIDJE. 

Genus  HYAENA,  Zimm.^ 

“Specimen  Zoologioe  Geographicae,”  p.  365  (1777). 

IIyjina  felina,  Bose. 

“Quart.  Journ.  Geol.  Soc.,’  vol.  XXXVI.,  p.  130(1880). 
Supra,  vol,  II.,  p.  278. 

Siwalik. 


Hyjina  colvini,  Lyd. 

Supra,  vol.  II. , p.  290  (1884). 

Siwalik. 

Hyaena  sivalensis,  Bose.^ 

‘Quart.  Journ.  Geol.  Soc.,’  vol.  XXXVI., p.  128(1880). 
Supra,  vol.  II.,  p.  303. 

Siwalik. 

Hy^na  macrostoma,  Lyd. 

Supra,  vol.  II. , p.  298  (1884). 

Siwalik. 

Hy^na,  sp.,  Lyd. 

Supra,  vol.  II.,  p.  309. 

Siwalik. 

Genus  LEPTHY^NA,  Lyd. 

Supra,  vol.  II. , p.  312  (1884). 

Lepthyaiina  sivalensis,  Lyd. 

Syn.  IctWierium  sivalense^  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  X.,  p.  32  (1877). 

Supra,  vol.  II.,  p.  312. 

Siwalik. 

Family  VIVERUIBjE. 

Genus  VIVERRA,  Linn. 

“ Syst.  Nat.,”  ed.  12,  vol.  I.,  p.  63  (1766). 

Viverra  bakeri,  Bose. 

“Quart.  Journ.  Geol.  Soc.,’ vol.  XXXVI. ,p.  131(1880.) 
Supra,  vol.  II.,  p.  268. 

Siwalik. 

Viverra  durandi,  Lyd. 

Supra,  vol.  II. . p.  271  (1884). 

Siwalik. 

Family  JIB8IDJE. 

Sub-Family  CANIN.^. 

Genus  CANIS,  Linn. 

“ Syst.  Nat.,”  ed.  12,  vol.  I.,  p.  56,  (1766). 

Canis  cautleyi,  Bose. 

‘ Quart.  Journ.  Geol.  Soc.’ vol.  XXXVI.,  p.  1 35  (1880). 
Supra,  vol.  II.,  p.  259. 

Siwalik. 


1 Given  in  vol.  II.  with  the  pre-Linnean  authority  of  Brisson. 

2 The  name  R.  sivalensis,  Falc.  and  Caut.,  also  occurs  ; hut  it  has  been  advisable  that  it  should  be  dropped. 
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Canis  cukvipalatus,  Bose. 

‘Quart.  Journ.Geol.  Soc.,’  vol.  XXXVI., p.  134(1880). 
Supra,  vol.  II.,  p.  253. 

Siwalik. 

Genus  AMPHICYON,  Lartet. 

‘ Comptes  Rendus,’  vol.  V.,  p.  424  (1837). 

AmPHICYON  PAf.iEINDICUS,  Lyd. 

Supra,  vol.  I.,  p.  84  (1876). 

Ibid.,  vol.  II.,  p.  248. 

Low.  fund  ? up.)  Siwalik. 

Sub-Family  URSINE. 

Genus  HYjENARCTOS,  Falc.  and  Caut. 

In  Owen’s  “ Odontography,”  p.  505  (1840-45). 


Mustela,  sp.,  Lyd. 

“ Catalogue  of  Fossil  Mammalia  in  British  Museum 
(z«  preparatioii). 

Siwalik. 

Genus  MELLIVORA,  Storr. 

“ Prodromus  Method  Mam.,”  p.  34  (1780). 

Mellivora  sivALENSis,  (Falc.  and  Caut.) 
Syn.  Ursitaxus  sivaleiisis,  Falc.  and  Caut. 

“Palaeontological  Memoirs,”  vol.  i.,  p.  553  (1868). 
Supra,  vol.  II.,  p.  180. 

Siwalik. 

Mellivora  punjabiensis,  Lyd. 

Supra,  vol.  II.,  p.  183  (1884). 

Siwalik. 


Hy^narctos  pal^indicus,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  XI.,  p.  104  (1878). 
Supra,  vol.  II.,  p.  232. 

Siwalik. 

Ht.s:narctos  punjabiensis,  Lyd. 

Supra,  vol.  II.,  p.  226  (1884) 

Shvalik. 

HYiENABCTOS  SIVALENSIS,  Falc.  and  Caut. 

Syn.  JJrsus  sivalensis,  Falc.  and  Caut. 

‘ Asiatic  Researches,’  vol.  XIX.,  p.  193  (1836). 
Siwalik. 

Genus  URSUS,  Linn.  , 

“ Syst.  Nat.,”  ed.  12,  vol.  I.,  p.  69  (1766). 

Uesus  namadicus,  Falc.  and  Caut. 

“Palaeontological  Memoirs,”  vol.  I.,  p.  552  (i868). 
Supra,  vol.  II.  p.  216. 

Narbada. 

UrSUS  THEOBALD!,  Lyd. 

Supra,  vol.  II.,  p.  21 1,  (1884). 

Siwalik. 

Famii.y  MUSTELID^. 

Genus  MUSTELA,  Linn. 

“ Syst.  Nat.,”  ed.  12,  vol.  1 p.  66  (1766). 


Genus  MELLIVORODON,  Lyd. 

Supra,  vol.  II.,  p.  185  (1884). 

Mellivokodon  paljhndicus,  Lyd. 

Supra,  vol.  II.,  p.  185  (1884). 

Siwalik 

Genus  LUTRA,  Erxl.  {ex  Ray). 

“ Syst.  Regn.  Animal,”  p.  445  (1777). 

Lutra  PALjiHNDicA,  Falc.  aiid  Caut. 

“Palaeontological Memoirs,”  vol.L,  pi. XXVII  (i868). 
Supra,  vol.  II.,  p.  190. 

Siwalik. 

Lutra  bathygnathus,  Lyd. 

Supra,  vol.  II.,  p.  193  (1884). 

Siwalik. 

IjUtra  SIVALENSIS,  (Falc.  and  Caut.) 

Syn.  Enhydriodon  sivalensis^  Falc.  and  Caut. 

“ Palaeontological  Memoirs,”  vol.  I.,  p.  552  (1868). 
Supra,  vol.  II.,  pp.  195,  351. 

Siwalik. 

Family  HY^NODONTID^. 

Genus  HY.nNODON,  Laizer  and  Parieu. 

‘Comptes  Rendus,’  vol.  VII.,  p.  442  (1838). 

Hyainodon  indicus,  Lyd. 

Supra,  vol.  II.,  p.  348  (1884). 

Siwalik. 


F 
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Bos  NAMADicus,  Falc. 


Order 

Sub-Order  Simjglidbcnt'ata. 

Family  MJJRIBM. 

Genus  MUS,  Linn. 

“ Syst.  Nat.,”  ed.  12,  vol.  I.,  p.  83  (1766). 

Mus  (?)  sp.,  Falc.  and  Caut. 

‘ Journ.  As.  Soc.  Beng.,’  vol.  IV.,  p.  706  (,1835). 

A fragment  of  a mandible  with  m.  1 in  the  British 
Museum^  (No.  j 6,529a)  belongs  to  this  or  an  allied 
genus  : it  is  about  equal  in  size  to  the  mandible  of 
Cricdus  frumeiiiariiis. 

Siwalih. 

Family  SPALACIDJE. 

Genus  RHIZOMYS,  Gray. 

‘ Proc.  Zool.  Soc.,’  1831,  p.  95. 

Rhizomys  sivalensis,  Lyd. 

Syn.  (?)  Typlilodon^  Falc. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  XL,  p.  101  (1878). 
Supra,  vol.  III.,  p.  106. 

Siwalik. 

Family  HYSTBICIDAE. 

Genus  HYSTRIX,  Linn. 

“ Syst.  Nat.,’”  ed.  12,  vol.  I.,  p.  76  (1766). 

Hystrix  sivalensis,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  XL,  p.  100  (1878). 
Supra,  vol.  III.,  p.  109. 

Siwalik. 

Sub-Order  gujgliribcutata. 

Family  LEPOBID^. 

Genus  LEPUS,  Linn. 

“ Syst.  Nat.,”  ed.  12,  vol.  L,  p.  77  (1766). 

A minute  fragment  of  a mandible  in  the  British 
Museum  (No.  16,529)  belongs  to  this  genus. 

Siwalik. 

Order  ilwgitlata. 

Sub-Order  ^ftiobatt|ila. 

Section  RUMINANTIA. 

Family  BOVIBM. 

Genus  BOS,  Linn. 

“ Syst.  Nat.,’  ed.  12,  vol.  I.,  p.  98  (1766). 


“ Catalogue  of  Fossil  Vertebrata  of  Asiatic  Society 
of  Bengal,”  p.  232  (1859). 

Supra,  vol.  L,  p.  95. 

Narbada. 

Bos  ACUTiPRONS,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  X.,  p.  30  (1877). 

Supra,  vol.  L,  pp.  112,  173. 

Siwalik. 

Bos  PLANiFRONS,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,.  vol.  X.,  p.  30  (1877). 

Supra,  vol.  L,  pp.  109,  173. 

Shvalik. 

Bos  PLATYRHiNUS,  Lyd. 

Supra,  vol.  L,  p.  119  (1878). 

Siwalik. 

(The  distinctness  of  this  form  is  somewhat  doubtful.) 

Genus  BISON,  H.  Smith. 

In  Griffith’s  “Animal  Kingdom,”  vol.  V.,  p.  373 
(1827). 

Bison  sivalensis  (Falc.). 

Syn.  Bos  sivalensis^  Falc. 

“Palaeontological  Memoirs,”  vol.  L,  p.  555  (1868) 
Supra,  vol.  L,  p.  122.  (The  specimen  described  is 
identified  with  Falconer’s  specimen  on  the  evidence 
of  a drawing  in  the  British  Museum.) 

Siwalik. 

Genus  Bubalus,  Hamilton  Smith. 

In  Griffith’s  “Animal  Kingdom,”  vol.  V.,  p.  371 
(1827). 

Bubalus  pala:indicus  (Falc.). 

Bos  p)alceindicus,  Falc. 

“ Catalogue  of  Fossil  Vertebrata  of  Asiatic  Society 
of  Bengal,”  p.  230  (1859). 

Supra,  vol.  L,  p.  132. 

Narbada,  and  highest  Siwalik. 

Bubalus  platyceros,  Lyd. 

Syn.  Bubalus  sivalensis^  Rut. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  X.,  p.  31  (1877). 

Supra,  vol.  L.  pp.  127,  173. 

Siwalik. 


1 This  specimen,  as  well  as  the  one  referred  to  Lepus,  did  not  come  under  the  writer’s  notice  until  the  memoir  on  rodents 
was  printed. 
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Germs  HEMIBOS/  Falc.  and  Cant. 

Syn.  Amphibos^  Falc.  and  Cant.;  Ferihos^ 
Lyd.;  Probubalus,  Riit. 

“Palaeontological  Memoirs,”  vol.  L,  p.  546  (i868). 
Supra,  vol.  I.,  pp.  145,  174. 

Hemibos  occipitalis  (Falc.). 

Syn.  Bos  occipitalis^  Falc.  Hemibos^ 
triquetriceros^  Falc.  and  Cant.  Peribos 
occipitalis,  Lyd.  Probubalus  triquetricornis, 
Riit. 

“ Palaeontological  Memoirs,”  vol.  I.,  p.  280  (1868). 
Supra,  vol.  I.,  pp.  141,  174. 

Siwalik. 

Hemibos  acuticoenis  (Falc.  and  Cant.). 

Syn.  Amphibos  acuticornis,  Falc.  and  Cant. 

“Palaeontological  Memoirs,”  vol.  I.,  p.  547  (1868). 
Supra,  vol.  I.,  p.  176. 

Siwalik. 

Hemibos  antilopinus  (Falc.  and  Cant.). 

Syn.  Amphibos  antilopinus, -YoXo,.  and  Cant. 
Probubalus  antilopinus,  Riit. 

“Palaeontological  Memoirs,”  vol.  I.,  p.  280  (i868). 

“ Die  Kinder  der  Tertiar-Epoche,”  p.  135,  in  “Abh. 
Schweiz,  pal.  Gesel,”  vol.  V.  (1878). 

Siwalik. 

Genus  LEPTOBOS,  Riit.  {ex  Falc.,  MSS.) 

“ Die  Kinder  der  Tertiar-Epoche,”  p.  157,  in  ‘ Abh. 
Schweiz,  pal.  Gesel,’  vol.  V.  (1878). 

Leptobos  falconeei,  Riit. 

“ Die  Kinder  der  Tertiar-Epoche,”  p.  157,  in  ‘Abh. 
Schweiz,  pal.  Gesel,’  vol.  V.  (1878). 

Siwalik. 

Leptobos  fbazeri,  Riit. 

“ Die  Kinder  der  Tertiar-Epoche,”  p.  165,  in  ‘Abh. 
Schweiz,  pal.  Gesel,’  vol.  V.  (1878). 

Narbada. 

Genus  BUCAPRA,  Riit. 

“ Die  Kinder  der  Tertiar-Epoche,”  p.  103,  in  ‘ Abh. 
Schweiz,  pal.  Gesel,’  vol.  V.  (1878). 

Bucapea  daviesi,  Riit. 

“ Die  Kinder  der  Tertiar-Epoche,”  p.  105,  in  ‘Abh. 
Schweiz,  pal.  Gesel,’  vol.  V.  (1878). 

Siwalik. 


Genus  CAPRA,  Linn. 

“ Syst.  Nat.,’  ed.  12,  vol.  I.,  p.  94  (1766). 

Capra  sivalensis,  Lyd. 

Supra,  vol.  I.,  p.  169  (1878). 

Siwalik. 

Capra  perimensis,  Lyd. 

Supra,  vol.  I.,  p.  170  (1878). 

Siwalik. 

Capra,  sp.,  Lyd. 

Supra,  vol.  L,  p.  171  (1878). 

Siwalik. 

Genus  OREAS,  Desinarest. 

“ Mammalogie,”  p.  471  (1822). 

OrEAS  (?)  LATIDENS,  Lyd. 

Syn.  Cervus  latidens,  Lyd. 

Supra,  vol.  L,  p.  65  (1876). 

Ibid,  vol.  in.,  p.  III. 

Siwalik. 

Genus  PALAEORYX,  Gaudry. 

‘ Comptes  Kendus,’  vol.  LIE,  p.  238  (1861). 

Palaioryx  (?)  sp.,  Lyd. 

Supra,  vol.  III.,  p.  114  (1884). 

Siwalik. 

Genus  BOSELAPHUS,  Blainville. 

Syn.  P or  tax,  H.  Smith. 

‘ Bull.  Soc.  Philom.  Paris,’  1816,  p.  75. 

Boselaphus  namadicus  (Riit.). 

Syn.  Portax  namadicus,  Riit. 

“Die  Kinder  der  Tertiar-Epoche,”  p.  89  in  ‘Abh. 
Schweiz,  pal.  Gesel,”  vol.  V.  (1878). 

Narbada. 

Boselaphus,  sp.,  Lyd. 

Supra,  vol.  III.,  p.  114(1884). 

Siwalik. 

Genus  GAZELLA,  Blainville. 

‘ Bull.  Soc.  Philom.  Paris,’  1816,  p.  75, 


1 Riitlmeyer  considers  the  type  species  generically  identical  with  (he  anoa,  which  Flower  includes  in  Bubalus : it  is, 
therefore,  not  improhahle  that  Eemihos  should  he  merged  in  that  genus. 
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Gazella  porrecticornis,  Lyd. 

Syn.  Antilope  porrecticomis^  Lyd. 

Supra,  vol.  L,  p.  158  (1878). 

Siwalik. 

Genus  ANTILOPE,  Pallas. 

“ Spicilegia  Zoologica,’’  vol.  I.,  p.  3 (1767). 

Antilope  sivalensis,  Lyd. 

Supra,  vol.  I.,  p.  154  (1878). 

Siwalik. 

Antilope  (?)  patulicornis,  Lyd. 

Supra,  vol.  L,  p.  157  (1878). 

Siwalik. 

Genus  ALCELAPIIUS,  Blainville. 

‘ Bull.  Soc.  Philom.  Paris,’  1816,  p.  75. 

Alcelaphus  PALiEiNDicus  (Falc.) 

Syn.  Antilope  palceindica,  Falc. 

“ Catalogue  of  Fossil  Vertebrata  of  Asiatic  Society 
of  Bengal,”  p.  154  (1859). 

“ Palaeontological  Memors,”  vol.  L,  pi.  XXIII. 
Supra,  vol.  III.,  p.  117. 

Siwalik. 

Family  GIRAFFIDJE. 

Syn.  Camelopardalidce. 

Genus  SIVATHERIUM,  Falc.  and  Caut. 

‘ Asiatic  Researches,’  vol.  XIX.,  p.  i (1836). 

SivATHERiuM  GiGANTEUM,  Falc.  and  Caut. 

‘Asiatic  Researches,’  vol.  XIX.,  p.  i (1836). 

Supra,  vol.  II.,  p.  131. 

Shvalik. 

Genus  BRAMATHERIUM,  Falc. 

‘Quart.  Journ.  Geol.  Soc.,’  vol.  I.,  p.  363  (1845). 

Bramatherium  perimense,  Falconer. 

‘Quart.  Journ.  Geol.  Soc.,’  vol.  I.,  p.  365  (1845). 
Supra,  vol.  II.,  p.  130. 

Siwalik. 

Genus  HYDASPITHERIUM,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  IX.,  p.  154  (^1876). 
( Hydaspidotherium ) . 


Hydaspitherium  megacephalum,  Lyd. 

‘Rec.  Geol.  Surv.  Ind.,’  vol.  IX,,  p.  154  (1876). 
Supra,  vol.  I.,  p.  159,  vol.  II  , p.  118. 

Siwalik. 

Hydaspitherium  grande,  Lyd. 

‘Rec.  Geol.  Surv.  Ind.,’  vol.  XL,  p.  91  (1878). 

Supra,  vol.  II.,  p.  126. 

Shvalik. 

Genus  HELLADOTHERIUM,  Gaudry. 

‘ Comptes  Rendus,’  vol.  LI  , p.  802  (i860). 

Hell.adotherium  DUVERNOYi(G-aud.&  Lart.) 

Syn.  Camelopardalis  duvernoyi,  Gaud.  & Lart. 

‘Comptes  Rendus,’  vol.  XLIIL,  p.  271  (1836). 

Supra,  vol.  IL,  p.  116. 

Shvalik,  and  Pikermi  beds. 

Genus  VISHNUTHERIUM,  Lyd. 

‘Rec.  Geol.  Surv.  Ind.,’  vol.  IX.,  p.  103  (1876). 

VlSHNUTHERIUM  IRAVADICUM,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  IX.,  p.  103  (1876). 
Supra,  vol.  L,  p.  55,  vol.  IL,  p.  112. 

Siwalik. 

Genus  GIRAFFA,  Zimmermann. 

Syn.  Camelopardalis^  Gmelin  (1788). 
“Geograph.  Geschicte,”  vol.  IL,  p.  125  (1780). 

Giraffa  sivalensis  (Falc.  and  Caut.). 

Syn.  Camelopardalis  sivalensis  ale.  & Caut. 
Camelopardalis  affinis,  Falc.  & Caut. 

‘ Proc.  Geol.  Soc.,’  vol.  IV.,  p.  244  (1843). 

Supra,  vol.  IL,  p.  103. 

Siwalik. 

Family  CFRVWoF. 

Genus  PROPALHilOMERYX,  Lyd. 

Supra,  vol.  IL,  p.  173  (1883). 

Propal,/Eomebyx  sivalensis,  Lyd. 

Supra,  vol.  IL,  p.  173(1883). 

Siwalik. 


1 Wrongly  authenticated  in  vol.  II. 
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Genus  MOSCHUS,  Linn. 

“ Syst.  Nat.,”  cd.  12,  vol.  L,  p.  gi  (1766). 

Moschus  (?)  sp.,  Lyd. 

Supra,  vol.  III.,  p.  118  (1884). 

Siwaltk. 

Genus  CERVUS/  Linn. 

“ Syst.  Nat.,”  ed.  12,  vol.  I.,  p.  92  (1766). 

Cbrvus  triplidens,  Lyd. 

Supra,  vol.  I.,  p.  67  (1876). 

Ibid,  vol.  III.,  p.  120. 

Siwalik. 

Certus  simplicidens,  Lyd. 

Supra,  vol.  L,  p.  69  (1876). 

Ibid,  vol.  III.,  p.  1 19. 

Siwalik. 

Cervus  sivalensis,  Lyd. 

Supra,  vol.  I.,  p.  xvii.  (1880). 

Ibid,  vol.  III.,  p.  1 2 1. 

Siwalik. 

Cervus,  sp. 

‘ Rec.  Geol.  Surv,  Ind.,’  vol.  XVI.,  p.  79  (r883). 
(.?  Cervus  duvaucelli,  Cuv.) 

Narbada. 

Family  TBAGXILID^. 

Genus  DORCATHERIUM,  Kaup. 
Syn.  Hyomoschus,  Gray  [teste  Riit.). 

“ Oss.  Foss,  de  Darmstadt,”  pt.  5,  p.  92  (1836). 

Dorcatherium  majus,  Lyd. 

Supra,  vol.  I.,  p.  62  (1876). 

Siwalik. 

Dorcatherium  minus,  Lyd. 

Supra,  vol.  I.,  p.  64  (1876). 

Siwalik. 

Genus  TRAGULUS,  Pallas  [ex  Brisson). 

“ Spicilegia  Zoologica,”  vol.  XIII.,  p.  27  (1779). 


Tragulus  sivalensis,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  XV.,  p.  30  (1882). 
Supra,  vol.  III.,  p.  117. 

Siwalik. 

Family  CAMELIDJE. 

Genus  CAMELUS,  Linn. 

“ Syst.  Nat.,”  ed.  12,  vol.  I.,  p.  90  (1766). 

Camelus  sivalensis,  Falc.  and  Caut. 

‘Asiatic  Researches,’^  vol.  XIX.,  p.  120  (1836). 
Supra,  vol.  L,  p.  61. 

Siwalik. 

Section  SUINA. 

Sub-Section  SELENOBONTIA. 
Family  MEBYCOPOTAMIDJE. 

Genus  MERYCOPOTAMUS,  Falc.  & Caut. 

“ Fauna  Antiqua  Sivalensis,”  pt.  7,  pi.  LXII.  (1847). 

Merycopotamus  dissimilis,  Falc.  & Caut. 

Syn.  Hippopotamus  dissimilis^  Falc.  and  Caut. 
Merycopotamus  sivalensis.,  Falc.  and  Caut. 

‘ Asiatic  Researches,’  vol.  XIX.,  p.  51  (1836). 

Supra,  vol.  II.,  p.  164. 

Siwalik. 

Genus  CH^ROMERYX,  Pomel. 

‘ Comptes  Rendus,’  vol.  XXVI.,  p.  687  (1848). 

CHAilROMERYX  SILISTRENSIS  (Peiltland). 

Syn.  AntJiracotherium  silistrense^QrA.[in'parte') 

‘ Trans.  Geol.  Soc.,’  ser.  2,  vol.  II.,  p.  394  (1828). 
Supra,  vol.  II.,  p.  166. 

Siwalik. 

A 

Genus  HEMIMERYX,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  XL,  p.  80  (1878). 
Hemimeryx  blanfordi,  Lyd. 

Supra,  vol.  II.,  p.  167  (1883). 

Lower  Siwalik. 

Genus  SIVAMERYX,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  XL,  p.  80  (1878). 


This  generic  term  is  emplo5'ed  in  a wide  sense. 

A second  species  was  named  V.  antiqims  in  this  memoir,  but  cannot  now  be  identified. 


G 
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SiVAMERIX  SINDIENSIS,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  XL,  p.  8o  (1878). 
Supra,  vol.  II.,  p.  169. 

Lower  Siwalik. 

Family  OREOBONTIDJE. 

Genus  AGRIOCHCERUS,  Leidy. 

‘ Proc.  Ac.  Nat.  Sci.  Philad.,’  vol.  V.,  p.  121  (1850). 

Agriochcerus  (?)  sp.,  Lyd. 

Supra,  vol.  II.,  p.  171  (1883). 

Lower  Siwalik. 

Family  ANTHRACOTEERIIBM 

Genus  HYOPOTAMUS,  Owen. 

Syn.  Ancodus^  Pom.  Bothriodon,  Aymard. 
CyclognathuSj  Croizet.  Tapinodon^  Meyer. 

‘Quart.  Journ.  Geol.  Soc.,’  vol.  IV.,  p.  103  (i848).i 

Hyopotamus  PALiEiNDicus,  Lyd. 

‘Rec.  Geol.  Surv.  Ind.,’  vol.  X.,  p.  77  (1877). 

Supra,  vol.  II.,  p.  158. 

Lower  Siwalik. 

Hyopotamus  giganteus,  Lyd. 

Supra,  vol.  II.,  p.  160  (1883). 

Lower  Siwalik. 

Genus  ANTHRACOTHERIUM,  Cuv. 

“ Ossemens  Fossiles,”  2nd  ed.,  vol.  III.,  p.  396  (1822). 

Anthracotherium  hyopotamoides,  Lyd. 

Supra,  vol.  II.,  p.  152  (1883). 

Lower  Siwalik. 

Anthracotherium  silistrense,  Pentland. 

Syn.  A.  punjaUense.)  Lyd. 

‘ Trans.  Geol.  Soc.,’  ser.  2,  vol.  II.,  p.  394  (1828). 
Supra,  vol.  II.,  p.  149. 

Lower  and  f?)  upper  Siwalik. 


Sub-Section  BUNODONTIA. 

Family  ENTELOBONTIBjE. 

Genus  TETRACONODON,  Falc. 

“Palaeontological  Memoirs,’’  vol.  L,  p.  156  (1868) 

Tetraconodon  MAGNUS,  Falc. 

“ Palaeontological  Memoirs,”  vol.  I.,  p.  156  (1868). 
Supra,  vol.  L,  p.  79,  vol.  III.,  p.  99. 

Siwalik. 

Family  8UID2E. 

Genus  HYOTHERIUM,  H.  von  Meyer. 

“DiefossileZahneundKnochen  von  Georgensmiind,” 
P-  43  (1834). 

Hyotherium  sindiense,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  XL,  p.  77  (1878). 
Supra,  vol.  III.,  p.  95. 

Lower  Shvalik. 

Hyotherium,  sp.,  Lyd. 

Supra,  vol.  III.,  p.  97  (1884). 

Siwalik. 

Genus  SANITHERIUM,  H.  von  Meyer. 

“ Palaeontographica,”  vol.  XV.,  p.  15  (1865). 

Sanitherium  schlagintweiti,  H.  von  Meyer. 

Syn.  Bus  pusillus,  Falc. 
“Palaeontographica,”  vol.  XV.,  p.  15  (1865). 

Supra,  vol.  L,  p.  76,  vol.  Ill , p.  91. 

Siwalik. 

Genus  HIPPOHYUS,  Falc.  and  Caut. 

In  Owen’s  “ Odontography,”  p.  562  (1840-5). 

Hippohyus  sivalensis,  Falc.  and  Caut. 

In  Owen’s  “ Odontography,”  p.  562  (1840-5). 

Supra,  vol.  III.,  p.  85. 

Siwalik. 

Genus  SUS,  Linn. 

“ Syst.  Nat.,”  ed.  12,  vol.  L,  p.  102  (1766). 

Sus  GIGANTEUS,^  Falc.  and  Caut. 

“ Fauna  Antiqua  Sivalensis,”  pt.  8,  pi.  LXIX.  (1847). 
Supra,  vol.  III.,  p.  52. 

Siwalik. 


1 This  paper  was  read  November,  1847,  which  may  stand  as  the  date  of  the  genus. 

2 Prof.  Forsyth-Major  (‘ Quart.  Journ.  Geol.  Soc.,’  1884)  is  inclined  to  unite  S.  strozzi,  Meneghini,  with  this  species. 
This  identification  was  made  before  the  publication  of  the  writer’s  description  of  S.  giganitus.  The  meagre  description  of  S. 
strozzi  available  to  the  writer  induced  him  to  regard  that  species  as  smaller  than  S.  giganteus.  Should  the  two  be  identical, 
the  latter  name  should  stand ; the  first  mention  of  S.  strozzi  being  apparently  by  Forsyth -Major  in  ‘ Atti.  Soc.  Tosc.  Sci. 
Nat.,’  vol.  I.,  p.  39  (1875). 
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Sus  TITAN,  Lyd. 

Supra,  vol.  III.,  p.  59  (1884). 

Siwalik. 

Sus  FALCONERI,  Lyd. 

Supra,  vol.  III.,  p.  66  (1884). 

Siwalik. 

Sus  HYSUDRicus,  Falc.  and  Cant. 

“ Fauna  Antiqua  Sivalensis,”  pt.  8,  pi.  LXX.  (^1847). 
Supra,  vol.  III.,  p.  77. 

Upper  and  lower  Siwalik. 

Sus  PUNJABIENSIS,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,.  vol.  XI.,  p.  81  (1878). 

Supra,  vol.  III.,  p.  82. 

Siwalik. 

Sus,  sp.,  Lyd. 

Supra,  vol.  III.,  p.  85  (1884). 

Narbada. 

Family  BIPPOPOTAMIB^. 

Genus  HIPPOPOTAMUS,  Linn. 

Including  Rexaprotodon  and  Tetraprotodon, 
Falc.  and  Cant. 

“ Syst.  Nat.,”  ed.  12,  vol.  I.,  p.  101  (1766). 

Hippopotamus  palasindicus,  Falc.  & Caut. 

“ Fauna  Antiqua  Sivalensis,”  pt,  7,  pi.  LVII.  (1847). 
Supra,  vol.  III.,  p.  44. 

Narbada. 

Hippopotamus  namadicus,  Falc.  and  Caut. 

“ Fauna  Antiqua  Sivalensis,”  pt.  7,  pi.  LVII.  (1847). 
Supra,  vol.  III.,  p.  43. 

Narbada. 

Hippopotamus  sivalensis,  Falc.  and  Caut. 

‘Asiatic  Researches,’  vol.  XIX.,  p.  40  (1836). 

Supra,  vol.  III.,  p.  37. 

Siwalik. 


Hippopotamus  iravaticus,  Falc.  and  Caut. 

“ Fauna  Antiqua  Sivalensis,”  pt.  7,  pi.  LVII.  (1847). 
Supra,  vol.  III.,  p.  42. 

Siwalik. 

Family  LI8TRI0B0NTIDJE. 

Genus  LISTRIODON,  H.  von  Meyer. 

‘ Neues  Jahrb.,’  1846,  p.  466. 

Listriodon  pentapotamm  (Falc.). 

Syn.  Tapirus  pentapotamice^  Falc. 

“ Palseontological  Memoirs,”  vol.  L,  p.  415  (1868). 
Supra,  vol.  III.,  p.  loi, 

Siwalik. 

Listriodon  theobaldi,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  XL,  p.  98  (1878). 
Supra,  vol.  III.,  p.  102. 

Siwalik. 

Sub-Order 

Family  BQJJIBJE. 

Genus  EQUUS,  Linn. 

“ Syst.  Nat.,”  ed.  12,  vol.  I.,  p.  100  (1766). 

Equus  sivalensis,^  Falc.  and  Caut. 

“ Fauna  Antiqua  Sivalensis,”  pt.  9,  pi.  LXXXI.  (1849). 
Supra,  vol.  11. , p.  87. 

Siwalik. 

Equus  namadicus,  Falc.  and  Caut. 

Syn.  iJ.  palwoms,  Falc.  and  Caut. 

“Fauna  Antiqua  Sivalensis,”  pt.  9,  pi.  LXXXI.  (1849). 
Supra,  vol,  11. , p.  92. 

Siwalik  and  Narbada. 

Genus  HIPPARION,^  Cliristol. 

Syn.  HippotJierium,  Kaup. 

‘ Ann.  Sci.  et  Industrie  d.  Midi  d.  1,  France,’  vol.  L, 
p.  180  (1832),  ieste  Gervais. 


1 Prof.  Forsyth  Major  (‘ Quart.  Journ.  Geol.  Soc.,’  1884)  is  inclined  to  identify  E.  sienonis,  Cocchi,  with  this  species. 
Should  this  be  correct,  the  name  E.  stenonis  must  ho  abolished,  since  it  only  dates  from  1867  (‘Mem.  Soc.  Ital.  Sci.  Nat.,’ 
vol.  II.,  art.  7,  p.  14.) 

2 Prof.  Flower  places  this  genus  in  the  family  Ealmtheriidm. 
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IIippARiON  ANTiLOPiNUM  (Falc.  and  Cant.). 
S)’n.  Jli2ypotJierium  antilopinum,  Falc.  & Cant. 

“ Fauna  Antiqua  Sivalensis,”  pt.  9,  pi.  LXXXII.  ( 1 849). 
Supra,  vol.  II.,  p.  75,  vol.  III.,  p.  ii. 

Siwalik. 

Hipparion  theobaldi,  Lyd. 

Syn.  Sivalhippus  theobaldi^  Lyd. 

Ilipp oilier ium  theobaldi^  Lyd. 

‘ Rec.  Geol.  Surv.  Incl.,’  vol.  X.,  p.  31  (1877). 

Supra,  vol.  II.,  p.  81. 

Siwalik, 

Hipparion,  sp.,  Lyd. 

Syn.  Hippotherium,  sp.,  Lyd. 

Supra,  vol.  III.,  p.  14  (1884). 

Siwalik. 

Family  RRINOGEROTIDJE. 

Genus  RHINOCEROS,  Linn. 

“ Syst.  Nat.,’  ed.  12,  vol.  I.,  p.  104  (1766). 

A.  RMnoceros  proper. 

Rhinoceros  unicornis,  Linn. 

Syn.  R.  indiciis,  Cuv.  R.  namadiciis^  Lyd. 
[non.  F.  and  C.). 

“ Syst.  Nat.,’  ed.  iz,  vol.  I.,  p.  104  (1766). 

Supra,  vol.  I.,  pp.  viii.,  32. 

Narbada  and  Recent. 

Rhinoceros  sivalensis,  Falc.  and  Cant. 

“Fauna  Antiqua  Sivalensis,”  pt.  7,  pi.  LXXIII.  (1847). 
Supra,  vol.  II.,  p.  28. 

Upper  and  lower  Siwalik. 

Yar.  gajensis^  Lyd. 

Supra,  vol.  II.,  p.  40  (1881). 

Loioer  Siwalik. 

Rhinoceros  PALiEiNDicus,  Falc.  and  Cant. 
“ Fauna  Antiqua  Sivalensis,”  pt.  7,  pi.  LXXIII. 

(i'847). 

Supra,  vol.  II.,  p.  42. 

Siwalik. 

B.  Atelodus,  Pomel. 
Rhinoceros  deccanensis,  Foote.. 

Supra,  vol.  I.,  p.  i (1874). 

Krishna  Valley. 


Rhinoceros  platykhinus,  Falc.  and  Caut. 

“ Fauna  Antiqua  Sivalensis,”  pt.  7,  pi.  LXXII.  (1847). 
Supra,  vol.  II.,  p.  48. 

Siwalik. 

C.  Position  uncertain. 

Rhinoceros  namadicus,  Falc.  and  Caut. 

“Palaeontological  Memoirs,”  vol.  I.,  p.  21  (1868). 
Supra,  vol.  I.,  p.  ix. 

Narbada. 

Genus  ACERATHERIUM,  Kaup. 

‘ Oken’s  Isis,’  1832  {teste  Gervais^  ). 

Aceratherium  perimense  (Falc.  and  Caut.). 

Syn.  Rhinoceros  (A.  ?)  perimensis,  Falc.  and 
Caut.  R.  planidens,  and  R.  iravadicus, 
Lyd. 

“ Fauna  Antiqua  Sivalensis,”  pt.  7,  pi.  LXXV.  (1847). 
Supra,  vol.  II.,  p.  9. 

Siwalik. 

Aceratherium  blanfordi,  Lyd. 

Supra,  vol.  III.,  p.  2 (1884). 

Loioer  Siwalik. 

Family  CHALICOTHERIIDJE. 

Genus  CHALICOTHERIUM,  Kaup. 

“ Oss.  Foss,  de  Darmstadt,”  pt.  2,  p.  4 (1833). 

Chalicotherium  sivalense,  Falc.  and  Caut. 

Syn.  Anoplotherimn  sivalense.^  Falc.  and  Caut. 

‘Trans.  Geol.  Soc.,’  ser.  2,  vol.  V.,  p.  502  (1837). 

“ Palaeontological  Memoirs,”  vol.  I.,  p.  208. 

Upper  and  lower  Siwalik. 

Sub-Order  JlruIiUMihlt. 

Family  ELEPHANTIDAE. 

Genus  ELEPHAS,  Linn. 

“ Syst.  Nat.,”  ed.  12,  vol.  I.  p.  48  (1766). 

A.  Blcphas proper  {Euelephas,  Falc.) 

. Elephas  namadicus,^  Falc.  and  Caut. 

“ Fauna  Antiqua  Sivalensis,”  pt.  2,  pi.  XIII.  (1846). 
Supra,  vol.  I.,  p.  280. 

Narbada. 


1 The  writer  has  been  unable  to  verify  this  reference, 

2 Leith  Adams  is  inclined  to  identif}' this  species  with  E.  antiquus,  Falc.  and  Caut.  (“Fauna  Antiqua  Sivalensis,  pt.  3, 
pi.  XII.  B.  [1847]) : the  name  E.  namadicus  has  the  priority,  and  should,  therefore,  stand  in  any  case. 
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Elephas  hysudeicus,  Falc.  and  Cant. 

“ Fauna  Antiqua  Sivalensis,”  pt.  i,  p.  41,  pi.  I.  (1846). 
Supra,  vol.  L,  p.  278. 

Siwalik. 

B.  Loxodon^  Falc. 

Elephas  planifrons,  Falc.  and  Cant. 

“ Fauna  Antiqua  Sivalensis,”  pt.  i,  pi.  II.  (1846). 
Supra,  vol.  I.,  p.  275. 

Siwalik. 

C.  Stegodon^  Falc. 

Elephas  insigxis,  Falc.  and  Cant. 

Syn.  Mastodon  elepJiantoides^  Clift  [in  parte). 
(?)  Stegodon  orien tails ^ Owen. 

“Fauna  Antiqua  Sivalensis,”  pt.  i,  p.  37,  pi.  II.  (1846). 
Supra,  vol.  I.,  p.  268. 

Siwalik  and  (?)  Narbada. 

Elephas  ganesa,  Falc.  and  Cant. 

“ Fauna  Antiqua  Sivalensis,”  pt.  i,  pi.  III.  (1846). 
Supra,  vol.  I.,  p.  273. 

Siwalik  and  Narbada. 

Elephas  bombifkons,  Falc.  and  Cant. 

“ Fauna  Antiqua  Sivalensis,”  p.  46  (1846). 

Supra,  vol.  I.,  p.  262. 

Siwalik. 

Elephas  clifti,  Falc.  and  Cant. 

Syn.  ? Stegodon  sinensis^  Owen. 

Mastodon  elephantoides,  Clift  [in  parte). 

“ Fauna  Antiqua  Sivalensis,”  p.  47  (1846). 

Supra,  vol.  I.,  p.  256. 

Siwalik. 

Genus  .MASTODON,  Cuvier. 

‘ Ann.  du  Mus.,’  vol.  VIII.,  p.  270  (1806). 

A.  TetralopJiodont  series. 
Mastodon  sivalensis,  Caut. 

‘ Journ.  As.  Soc.  Beng.,’  vol.  V.,  p.  294  ( 1 836). 

Supra,  vol.  I.,  p.  248. 

Siwalik. 

Mastodon  perimensis,  Falc.  and  Caut. 

“ Fauna  Antiqua  Sivalensis,”  pt.  4,  pi.  XXXIX.  (1847). 
Supra,  vol.  I.,  p.  239. 

Siwalik. 


Mastodon  latidens,  Clift. 

‘Trans.  Geol.  Soc.,’  ser.  2,  vol.  II.,  p.  371  (1828).^ 
Supra,  vol.  L,  p.  227. 

Upper  and  lower  Siwalik. 

B.  Trilophodont  series. 

Mastodon  pandionis,  Falc. 

‘Quart.  Journ.  Geol.  Soc.,’  vol.  XIII.  p.  319  (1857). 
Supra,  vol.  L,  pp.  213,  292,  vol.  III.,  p.  29. 

Upper  and  lower  Siwalik. 

Mastodon  angqstidens,  Cuv. 

‘Ann.  du  Mus.,’  vol.  VIII.,  p.  412  (1806). 

(Masiodonle  a denis  etroites.) 

Var.  palccindicus.!  Lyd. 

Supra,  vol.  III.,  p.  19  (1884). 

Lower  Siwalik. 

Mastodon  falgo^ki,  Lyd. 

‘ Rec.  Geol.  Surv.  Ind.,’  vol.  X.,  p.  83  (1877). 

Supra,  vol.  I.,  p.  202.  vol.  III.,  p.  32. 

Upper  and  lower  Siwalik. 

Famii.y  DINOTHERIIDrE. 

Genus  DINOTHEKIUM,  Kaup. 

‘ Oken’s  Isis,’  vol.  XXII.,  p.  401  (1829). 

Dinotherium  indioum,^  Falc. 

‘Quart.  Journ.  Geol.  Soc.,’  vol.  I.,  p.  361  (1845). 
Supra,  vol.  I.,  p.  192,  vol.  II.,  p.  63,  vol.  III.,  p.  34. 
Upper  (.Q  and  lower  Siwalik. 

Dinotherium  pentapotami.e,  Lyd. [ex  Falc.). 

Syn.  Antoletlierium,  Falc. 

Supra,  vol.  I.,  p.  72  (1876). 

Ibid,  p.  183,  vol.  III.,  p.  34. 

Upper  (.^)  and  lower  Siwalik. 

Dinotherium  sindiense,  Lyd. 

Supra,  vol.  II.,  pp.  196,  292  (1880). 

Ibid.,  vol.  III.,  p.  34. 

Upper  (.Q  and  lower  Siwalik. 

Order  (iBiltidut’d. 

Sub-Order  SqiUimidct. 

FamIly  MANIDrE. 

Genus  MANIS,  Linn. 

“ Syst.  Nat.,”  ed.  12,  vol.  I.,  p.  52  (1766). 

Manis  sindiensis,  Lyd. 

Supra,  vol.  I.,  p.  82  (1876). 

Lower  Siwalik. 


1 The  volume  is  dated  1829. 

2 This  and  the  two  next  species  have  been  identified  by  Weinsheimor  with  D.  giganteum,  Kaup  {vide  supra,  vol.  III. 
p.  34).  It  is  not  impossible  that  D.  indicum  and  D.  pmtapotamicg  may  belong  to  one  species. 


H 
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NOTE. 

A small  collection  of  fossils  from  Perim  Island  has  lately  come  into  the  writer’s 
hands,  among  which  are  some  teeth  of  Mastodon  pandionis  and  M.  pcriinmsis^  promising 
to  he  of  considerable  interest.  They  appear  to  show  that  the  former  (although 
apparently  provided  with  premolars)  exhibits  signs  of  affinity  with  the  Pikermi  M. 
peiitelici]  and  also  that  it  is  not  improbable  that  the  tetralophodont  M.  perhnendB  may 
have  been  a branch  from  the  trilophodont  stock  of  M.  pandionis.  There  are  already 
signs  of  the  connection  of  the  tetro-pentalophodont  31.  sivalensis  with  the  same 
original  stock. 

The  writer  hopes  to  describe  these  specimens,  and  their  bearing  on  the  mutual 
relations  of  the  Siwalik  mastodons,  in  a later  part ; and  in  the  meantime  is  extremely 
anxious  to  obtain  any  additional  specimens  of  the  teeth  and  jaws  of  the  mastodons 
of  Sind  and  Perim  Island. 
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SIWALIK  BIRDS. 

By  R.  LYDEKKEE,  B.A.,  F.6.S.,  F.Z.S. 
(WITH  PLATES  XIY.  AND  XV.) 


INTRODUCTORY. 

Rarity  of  remains. — In  the  Siwaliks,  as  in  most  ossiferous  formations,  the  remains 
of  birds  are  extremely  few  as  compared  with  those  of  mammals ; and  such  bones  as 
do  occur  are  generally  in  a fragmentary  condition.  This  rarity  is  doubtless  due  to 
the  small  size  of  many  birds,  and  also  to  the  frail  structure  of  the  bones  themselves,^ 
as  well  as  to  the  circumstance  that  birds  do  not  become  ‘ mired.’  The  absence  of 
teeth  in  ordinary  birds  is  another  important  element  in  the  case  ; since  our  knowledge 
of  many  tertiary  mammals  depends  mainly,  or  entirely,  on  the  evidence  afforded  by 
those  organs. 

Classification. — Considerable  difficulty  is  found  in  regard  to  the  classification  of 
fossil  birds,  since  the  characters  on  which  the  recent  orders  are  usually  founded  are 
to  a great  extent  external,  or  are  of  such  a nature  as  to  be  inapplicable  to  fossils ; and 
the  different  orders  do  not  consequently  present  the  well-marked  osteological 
differences  of  the  Mammalia.  Here  again  the  want  of  the  strong  diagnostic 
characters  afforded  by  the  teeth  of  the  latter  is  very  strongly  felt.  In  consequence 
of  these  wants  it  is  frequently  extremely  difficult,  or  impossible,  to  say  whether 
fossil  birds  belong  to  new  orders  or  to  those  still  existing ; and  it  may  perhaps  be 
doubted  whether  it  will  be  found  ultimately  advisable  to  retain  for  palaeontological 
purposes  many  of  the  orders  into  which  existing  birds  are  divided.  For  the  present, 
as  a provisional  arrangement,  the  writer  has  in  the  main  adopted  the  classification 
given  by  Mr.  Sclater  in  the  “List  of  the  Animals  in  the  Gardens  of  the  Zoological 
Society  : the  terms  Carinatae  and  Ratitae,  which  are  extremely  convenient  for 

1 This  does  not  apply  to  the  struthious  birds.  2 8th  ed.,  London,  1883. 
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palaeontological  purposes,  have,  however,  been  added  as  divisions  of  the  value  of  a 
sub-class : and  the  orders  of  the  struthious  birds  have  been  suppressed  as  being 
' palseontologically  inapplicable.  The  generic  terms  adopted  by  Mr.  Sclater  have 
been  invariably  employed  in  the  present  memoir. 

Literature. — The  literature  relating  to  Siwalik  birds  is  comparatively  small.  A 
brief  allusion  to  the  occurrence  of  birds  in  the  Siwaliks  is  made  in  Falconer’s  notes, ^ 
and  another  occurs  in  a small  pamphlet  by  the  late  Gen.  Sir  W.  E.  Baker.^  Most  of 
the  remains  collected  by  Falconer  and  Cautley  are  figured  in  unpublished  plate  R.  of 
the  “ F.A.S.,”  but  are  not  named  in  the  description  given  in  the  “ Palseontological 
Memoirs.”^  Several  of  these  bones  were  subsequently  named  by  M.  Alphonse 
Milne-Edwards^ ; and  a note  on  these  and  other  remains  was  published  in  1879  by 
the  present  writer.^  A more  important  memoir  by  Mr.  W.  Davies,®  of  the  British 
Museum,  with  a plate  of  illustrations,  appeared  in  the  following  year. 

In  the  present  memoir  all  the  remains  of  Siwalik  birds  which  appear  to  admit 
of  determination  are  more  or  less  fully  described ; while  those  specimens  which  have 
been  hitherto  known  merely  by  preliminary  notices  have  been  figured.  Some  of  the 
more  important  figures  from  the  “F.A.S.”  and  Mr.  Davies’  memoir  have  been 
reproduced.  There  are  a few  broken  specimens  of  Siwalik  bird-bones  in  the  British 
Museum  whose  affinities  it  has  not  yet  been  found  possible  to  determine. 

Sub-Class  I.:  CARINATE. 

Oedee  : STEGANOPODES. 

Family  : PELECANIDjLJ. 

Genus:  PELECANUS,  Linn. 

Distribution. — The  genus  has  now  a world-wide  distribution,  and  is  represented 
by  a large  number  of  species.'^  It  is  represented  in  the  miocene  of  Em’ope  by  P. 
intermedins Fraas,®  and  P.  gracilis.,  Milne-Edwards,®  of  Allier;  both  of  which  seem 
to  be  closely  allied.^®  The  so-called  P.  mioccenus,  Lartet,  is  considered  by  Milne- 
Edwards  to  be  nearer  Sula.'^^  It  is  possible  that  Pelecanus  was  represented  in  the 
eocene  of  Paris.^^ 

1 “ PalEeontological  Memoirs,”  vol.  I.,  p.  23. 

2 “ Memoir  on  the  Fossil  Eemains  presented  by  himself  and  Col.  Colvin  to  the  Museum  at  Ludlow,”  p.  16  (Ludlow,  1850). 

3 Vol.  I.,  p.  554. 

4 “ Eochorchos  Anatomiques  ' et  Paleontologiques  pour  servir  a I’histoire  des  Oiseaux  Fossiles  de  la  France.”  (Paris, 

, 1867-77.) 

6  ” Notes  on  some  Siwalik  Birds.”  ‘ Records'  vol.  XIT.,  p.  52. 

6 “ On  some  fossil  Bird-Eemains  from  the  Siwalik  Hills  in  the  British  Museum.”  ‘ Geol.  Mag.,'  decade  2,  vol.  VII., 
p.  18,  pi.  IT.  (1880). 

7 A list  is  given  by  A.  Dubois,  ‘ Bui.  Mus.  Boy.  Eist.  Nat.  Belg.,'  vol.  II.,  p.  1 (1883). 

8 “ Fauna  von  Steinheim,”  pi.  X.,  fig.  3 (skuE). 

9 Op.  cit.,  vol.  I.,  p.  250,  pis.  XXXVIII. -IX. 

10  Ibid,  vol.  II.,  p.  576.  11  Ibid,  vol.  I.,  p.  250. 


12  Ibid,  vol.  I.,  p.  249. 
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Species  1 : Pelecanus  cautleyi,  Davies. 

History. — This  species  was  founded  by  Mr.  Davies  in  the  memoir  already  quoted.^ 
Ulna. — The  specimen  on  which  this  species  is  founded  consists  of  the  distal  extremity 
of  a left  ulna,  from  the  Siwaliks,  in  the  British  Museum,  which  is  represented  in 
pi.  XIV.,  figs.  11,  11a.  It  is  somewhat  smaller  than  the  ulna  of  the  existing  Indian 
and  African  P.  mitratus ; but  agrees  in  the  form  of  the  trochlear  articulation  («), 
and  of  the  external  tendinal  pit  and  adjacent  process  {h).  It  differs,  however,  in  the 
greater  depth  and  elongation  of  the  palmar  trochlear  depression  (c),  as  well  as  in  the 
more  laterally  compressed  form  of  the  shaft.  In  the  size  of  the  depression  (c)  it 


differs  from  all  the  species  with  which  it  has  been 
compared  below  with  those  of  P.  mitratus,  viz.'. — 

compared. 

Its  dimensions  are 

P.  cautleyi. 

P.  mitratus. 

Transverse  diameter,  including  radial  tuberosity 

0-7 

0-85 

Ant. -post.  ,,  of  ulna  trochlear  .... 

0-75 

0-95 

Transverse  ,,  ,,  shaft 

0-45 

0-58 

Ant. -post.  ,,  n 

0-6 

0-65 

It  is  impossible  to  compare  the  Siwalik  bone  with  P.  gracilis,  as  the  ulna  of  that 
species  is  not  figured ; but  it  is  decidedly  different  from  the  ulna  of  P.  intermedins 
(B.  M.,  No.  48,164),  although  of  very  nearly  the  same  dimensions. 

Distinctness. — Although  the  comparisons  that  have  been  made  indicate  the 
distinctness  of  this  Siwalik  pelican  from  several  species,  yet  the  possibility  of  its 
identity  with  some  of  the  existing  species  of  which  skeletons  are  not  available  must 
be  borne  in  mind,  and  the  name  P.  cantleyimm>t,  therefore,  be  regarded  as  provisional. 

% 

Pelecanus  sivalensis,  Davies. 

History. — This  species  is  named  on  page  26  of  Mr.  Davies’  memoir. 

Ulna. — This  species  also  is  founded  on  the  distal  extremity  of  an  ulna  from  the 
Siwaliks  in  the  British  Museum  (No.  39,745),  which  has  not  been  figured.  It  differs 

from  the  corresponding  bone  of  P.  aautleyi  by  its  inferior  size,  the  shallowness  and 
shortness  of  the  palmar  trochlear  depression,  and  other  minor  points.  It  is  of  inferior 
size  to  the  ulna  of  P.  mitratus  and  P.  intermedins,  but  agrees  so  closely  in  general 
characters  that  there  seems  no  doubt  of  its  belonging  to  the  same  genus.  The 
dimensions  of  the  specimen  are  as  follows,  viz.\ — 

Maximum  transverse  diameter  . . . O' 52  Transverse  diameter  of  shaft  . ; . 0'4 

Ant -post,  diameter  of  ulna  trochlear  . 0'6  Ant. -post.  n >>  i>  ...  0 5 

Distinctness. — There  can  be  no  question  as  to  the  distinctness  of  the  present  form 
from  P.  cautleyi ; and  the  difference  in  size  probably  indicates  specific  distinctness 
from  P.  mitratus  and  P.  intermedins.  The  specimen  has  not,  however,  been  compared 
with  P.  gracilis,  nor  with  most  of  the  existing  species,  and  its  right  to  a distinct 
specific  name  must  accordingly  be  regarded  as  provisional. 


1 Page  26. 
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Family  : PHALAGBOOOBAGIDj^. 

Genus:  PHALACROCORAX,  Briss. 

Syn.  Graculus,  Linn. 

Distribution. — At  the  present  day  the  genus  has  an  almost  world- wide  distribution, 
and  is  represented  by  a large  number  of  species.  A coracoid  in  the  British  Museum 
from  the  pleistocene  of  Grays,  Essex,  indicates  a species  closely  allied  to,  if  not 
identical  with  P.  carho^ ; and  a tarso-metatarsus  in  the  same  collection  has  been 
obtained  from  the  prehistoric  deposits  of  New  Zealand.^  P.  macro]pus  (Oope),^  has 
been  recorded  from  the  jiliocene  of  North  America ; and  the  tertiaries  of  the  same 
country  have  also  yielded  P.  idaJiensis  (Marsh).  From  the  French  miocene  three 
species  have  been  determined^  under  the  names  of  P.  viiocwnus,  P.  littoralis,  and  P. 
intermedins. 

Phalacrocoeax,  sp. 

Syn.  Plideton'^.  sp.,  Milne-Edwards ; sp.,  Davies. 

History. — The  proximal  extremity  of  a small  tarso-metatarsus®  in  the  Cautley 
collection  of  the  British  Museum  was  considered  by  M.  A.  Milne-Edwards®  to  have 
possibly  belonged  to  a species  allied  to  the  existing  tropic-bird.  The  present  writeP 
suggested  that  this  provisional  reference  was  an  improbable  one,  and  it  was 
subsequently  shown  by  Mr.  Davies®  that  the  specimen  probably  belonged  to 
Pliatacrocorax  {Graculus)^  or  a closely  allied  genus. 

Metatarsus. — The  above-mentioned  specimen,  which  was  obtained  from  the 
Siwalik  Hills,  is  represented  in  plate  XIV.,  figs.  10,  lOa.  It  agrees  with  the 
corresponding  bone  of  P.  carbo  in  the  form  of  the  concave  facets  and  tuberosity  of 
the  superior  surface,  in  the  depth  of  the  median  groove  on  the  anterior  surface,  in 
the  form  of  the  tendinal  canal  on  the  same  surface,  and  of  the  calcaneal  process  and 
grooves.  It  differs  in  having  the  anterior  surface  of  the  outer  metatarsal  less 
sharply  ridged,  and  that  of  the  inner  less  depressed  below  the  articular  cavity ; as 
well  as  in  the  deeper  depression  on  either  side  of  the  calcaneal  process.  It  is  almost 
indistinguishable  from  the  above-mentioned  bone  from  New  Zealand. 

Distinctness. — Other  comparisons  have  not  been  made,  and  it  is  therefore  uncertain 
whether  the  Siwalik  cormorant  is  or  is  not  identical  with  any  of  the  other  named  s]3ecies. 

Order  : HERODIONES. 

Family  : CIGOMIDM 
Genus  : LEPTOPTILUS,  Lesson. 

Syn.  Argala,  Hodgson ; Osterophea,  Hodgson. 

Distribution. — This  genus  is  confined  at  the  present  time  to  W.  Africa  (where  it 

1 A.  Milne-Edwards,  op.  oil.,  vol.  I.,  p.  277.  3 ‘ Bull.  U.  S.  Geol.  Survey,’  vol.  IV.,  p.  386. 

2 Davies,  op.  cit.,  p.  9.  4 A.  Milne-Edwards,  op.  cit.,  vol.  I.,  p.  255,  et  seq. 

5 Op.  oil.,  vol.  1.,  p.  250. 

6 This  bone  will  in  the  sequel  be  simply  termed  the  metatarsus  : similarly  the  tihio-tarsus  will  be  termed  tibia. 

7 Op.  cit.,  p.  57.  8 Op.  cit.,  pp.  8-9. 
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is  represented  by  L.  crumeniferus  [Cuv.])  and  the  Indo-Malayan  region  (where  it  is 
represented  by  L.  argala  [Linn.],  o£  India  and  Burma,  and  L.  javanicus  [Horsf.],  of 
Java).  From  the  Pikermi  beds  a humerus  has  been  figured  by  Prof.  Gaudry  as 
Ciconia  (?),  whicli  may  possibly  belong  to  the  jDresent  genus^ ; and  a species  of  the 
genus  from  the  miocene  of  France  has  been  named  Lejjtoptilus  arvernensis  (Milne- 
Edwards^). 

Species : Leptoptilus  falconer:  (A.  M.-Edw.) 

Syn.  Argala  falconeri,  A.  M.-Edw. 

History. — In  the  Introduction  to  the  “ F.A.S.,”  compiled  in  the  “ Palmontological 
Memoirs,”^  it  is  stated  that  “ among  the  Siwalik  fossils  there  are  also  the  remains  of 
several  species  of  birds,  including  Grallw^  greatly  surpassing  in  size  the  gigantic  crane 
[5/c.]  of  Bengal  {Ciconia  \_Leg)toptilus~\  argala)^  Subsequently  M.  A.  Milne-Edwafds,^ 
who  had  some  doubts  whether  the  specimens  might  not  indicate  two  species,  described 
the  proximal  and  distal  extremities  of  the  metatarsus,  and  two  specimens  of  the 
distal  extremity  of  the  tibia  of  a large  Siwalik  stork  in  the  collection  of  the  British 
Museum  under  the  name  of  Argala  falconeri.  At  a later  date  the  present  writer^ 
briefly  recorded  the  discovery  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab  of  a 
cervical  vertebra,  the  distal  extremity  of  a tibia,  and  the  first  phalangeal  of  the  outer 
digit  of  the  foot  of  a large  stork,  which  were  provisionally  referred  to  the  same 
species.®  Mr.  Davies^  afterwards  described  under  tlie  same  name  three  other  Siwalik 
specimens  in  the  British  Museum  ; vis.,  a part  of  the  first  phalangeal  of  the  wing,  and 
the  distal  extremities  of  the  femur  and  the  humerus.  A figure  of  the  latter  specimen 
is  given  in  the  plate  in  Mr.  Davies’  memoir ; while  the  other  two  specimens  mentioned 
by  him,  as  well  as  those  on  which  the  species  was  founded,  are  figured,  although 
unnamed,  in  unpublished  plate  R.  of  the  “ F.A.S.” 

Tibia. — The  specimen  which  it  may  be  convenient  to  take  as  the  type  of  the 
species  is  the  distal  extremity  of  a right  tibia  in  the  British  Museum  (No.  39,735), 
figured  in  the  “ F.A.S.,”  pi.  R.,  figs.  3,  3a,  3b,  3c.  This  specimen  is  rather  larger 
than  the  tibia  of  an  old  L.  argala,  but  presents  no  other  points  of  distinction.  The 
second  specimen  (B.M.,  No.  39,734)  is  also  the  distal  extremity  of  the  right  side,  but 
comprises  rather  more  of  the  shaft : it  is  represented  in  figs.  5,  5a,  5b,  5c  of  the 
same  plate,  and  is  considerably  smaller  than  the  first  specimen.  The  third  specimen 
was  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab,  and  is  represented 
in  plate  XIV.,  figs.  9,  9a,  9b.  It  is  the  distal  extremity  of  the  right  side,  and  is 
considerably  smaller  than  the  second  specimen,  and  slightly  smaller  than  the 
corresponding  bone  of  a skeleton  of  Tj.  crumeniferus  in  the  Museum  of  the  Royal 
College  of  Surgeons.  It  presents  no  distinctive  characters  from  the  latter  bone, 

1 “ Animaux  Fossiles  et  Geologie  de  I’Attique,”  p.  315,  pi.  LIX.,  fig.  12. 

2 Oji.  cit.,  vol.  II.,  p.  572  (1871).  The  species  is  undescrihed  in  that  work. 

3 Vol.  L,  p.  23  (1868).  4 vol.  I.,  p.  449  (1869-71).  5 “ Records”  vol.  XII.,  p.  56  (1 879). 

6 The  vertebra  is  now  referred  to  another  form.  ^ Op.  cit.,  p.  6. 
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wliicli  seeiriKS  to  be  distinguislied  from  that  of  L.  argala  merely  by  its  inferior  size. 
The  dimensions  of  the  three  Siwalik  specimens  are  as  follows  : — 

Anterp-posterior  diameter  of  inferior  Burface  . . 1'32  1-2  0-93 

Transverse  ditto  .......  I’Oo  0’93  0'71 

There  is  a fourth  imperfect  specimen  in  the  British  Museum  (No.  48,444) 
agreeing  very  closely  with  No.  39,734. 

Metatarsus. — The  distal  extremity  of  the  left  metatarsus  is  represented  in  plate 
R.,  figs.  14,  14a,  14b,  of  the  “ F.A.S.,”  and  in  plate  XIV.,  fig.  14  of  this  volume  ; 
and  is  in  the  British  Museum.  It  is  considerably  larger  than  the  corresponding  bone 
of  a large  L.  argala  (the  respective  transverse  diameters  being  T3C  and  T25),  but 
presents  no  difference  in  form.  The  proximal  extremity  of  a right  metatarsus  is 
represented  in  figs.  9,  9a  of  the  same  plate^  of  the  “ F.A.S.”  (B.M.,  No.  39,741)  ; 
which  is  smaller  than  the  corresponding  bone  of  a full-sized  L.  argala. 

Pedal  phalangeal. — The  bone  represented  in  plate  XIV.,  fig.  12,  was  obtained  by 
Mr.  Theobald  from  the  Siwaliks  of  the  Punjab:  it  is  the  first  phalangeal  of  the 
outer  (fourth)  digit  of  the  right  foot ; and  is  practically  indistinguishable  from  the 
corresponding  bone  of  L.  crumeniferus,  and  agrees  therefore  in  size  with  the  smallest 
tibia. 

'Femur. — The  distal  extremity  of  the  left  femur  is  represented  in  plate  R.,  figs. 
4,  4a,  4b  of  the  ‘‘F.A.S.”  (B.M.,  No.  39,737).  This  specimen  is  indistinguishable 
in  form  from  the  femur  of  L.  argala,  but  is  of  rather  larger  size  than  a large 
specimen  of  that  species ; the  respective  transverse  diameters  of  the  two  bones  being 
1-77  and  1-48. 

Humerus. — The  distal  extremity  of  the  left  humerus  is  represented  in  pi.  XIV., 
fig.  1,  and  is  likewise  in  the  British  Museum:  it  is  indistinguishable  from  the 
humerus  of  L.  argala,  except  in  its  slightly  superior  size  ; the  respective  dimensions 
being  as  follows  : — 

L.  falconeri.  L.  argala. 

Transverse  diameter  at  condylar  tuberosities  . . . 2'3  2-1 

,,  ,,  of  condyles 1'75  1‘5 

Phalangeal  of  the  manus. — The  proximal  third  of  the  first  jDlialangeal  of  the  wing 
is  in  the  Cautley  collection  of  the  British  Museum  (No.  39,738),  and  is  represented 
in  plate  R.,  figs.  8,  8a,  8b,  8c,  of  the  “ F.A.S.”  It  differs  from  F.  argala  merely  by 
its  slightly  superior  size,  and  by  the  circumstance  that  the  lateral  lamelliform 
expansion  rises  rather  more  abruptly. 

Distinctness  and  affiMities. — The  foregoing  specimens  indicate  the  existence  of  one 
or  more  species  of  stork  in  the  Siwaliks,  some  individuals  of  which  were  of  consider- 
ably larger  size  than  the  largest  specimens  of  L.  argala,  while  others  were  not  larger 
than  L.  crumeniferus.  As  there  is  a considerable  amount  of  variation  in  the  size  of 
the  former  S29ecies,  and  as  there  appears  to  be  no  distinctive  structural  differences 
between  the  limb-bones  of  the  fossil  form  and  of  the  three  living  species,  it  seems 
imjDOssible  to  say  whether  the  former  includes  more  than  one  species ; and  equally 


1 The  figures  show  the  posterior  and  superior  aspects. 
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impossible  to  say  whether  the  fossil  form,  or  forms,  be  not  respectively  identical 
with  one  or  more  of  the  living  species.  In  view  of  the  impossibility  of  distinguishing 
several  of  the  Siwalik  reptiles  from  existing  species,  it  is  not  imj)robable  that  there 
may  be  a similar  specific  identity  between  some  of  the  birds  of  the  two  epochs ; but 
our  knowledge  of  the  rate  of  specific  evolution  in  the  latter  class  is  at  present  so 
imperfect  that  nothing  can  be  advanced  with  any  confidence.  The  writer  has  not 
seen  a description  of  L.  arvernensis ; which  name  is,  however,  of  later  date  than  L. 
falconei'i.  Under  these  circumstances  the  name  Leptoptilus  falconeri  must  be  regarded 
as  a purely  provisional  one.  The  above-mentioned  humerus  from  Pikermi  indicates 
a bird  considerably  smaller  than  L.  aipala. 

Distribution. — Remains  of  the  present  form  have  been  obtained  from  the  typical 
Siwalik  Hills,  and  the  Punjab. 

Genus,  non.  det. 

History. — The  specimen  forming  the  subject  of  the  present  notice  was  previously 
referred  to  Leptoptilus  falconeri.^ 

Cervical  vertebra. — In  plate  XIV.,  figs.  7,  7a,  7b,  7c,  7d,  there  are  given  five 
views  of  the  cervical  vertebra  of  a large  bird  collected  by  Mr.  Theobald  from  the 
Siwaliks  of  Asnot,  Punjab.  The  specimen  is  a fourth  cervical ; so  determined  from 
the  large  size  and  shortness  of  the  neural  spine  (w5.,  fig.  7c),  and  the  shortness  of 
the  lateral  carotid  canaP  (cr.,  fig.  7).  The  summit  of  the  neural  spine  and  the 
processes  surrounding  the  carotid  canals  have  been  broken  away.  The  bone, 
although  rather  larger,  has  such  a general  agreement  in  structure  with  the  cor- 
responding vertebra  of  Leptoptilus  argala,  that  it  may  be  pretty  safely  referred  either 
to  the  Ciconiidce  or  the  allied  Ardeidae. 

Compared  with  the  fourth  cervical  of  Jjeptoptilus  argala  the  specimen  differs  by 
being  shorter  and  higher ; by  the  more  distinct  hollow  (.r,  fig.  7c)  between  the 
prezygapophyses  [prz.) ; by  the  larger  size  of  the  neural  spine  {ns.),  which  extends 
backwards  over  the  postzygapophyses  {ptz.)]  by  the  closer  approximation  of  the 
two  latter ; and  by  the  absence  of  distinct  surfaces  for  muscular  attachment  above 
the  same.  In  its  greater  vertical  height  and  longer  neural  spine  the  vertebra  of  L. 
crumeniferus  comes  nearer  to  the  fossil  ; but  is  distinguished  by  the  other  characters 
of  that  of  L.  argala.  In  both  the  existing  species  the  prezygapophyses  {prz.)  are 
separated  by  a distinct  notch,  extending  as  far  backwards  as  their  posterior  border. 

The  fossil  bone,  although  much  larger,  agrees  more  nearly  in  proportions  with 
the  fourth  cervical  of  Balceniceps  and  Mycteria,  but  is  distinguished  by  the  neural 
spine  extending  farther  backwards,  and  being  higher  posteriorly,  as  well  as  by  the 
more  distinct  hollow  {x)  between  the  prezygapophyses.  It  is  on  the  whole  nearer  to 
Mycteria  than  Balceniceps.  Compared  with  the  fourth  cervical  of  Cancroma  {Ardeidcc) 
the  Siwalik  bone  is  of  very  much  larger  size,  but  agrees  in  its  relatively  large  height, 

1 ‘ Records,’  vol.  XII.,  p.  56. 

2 Two  carotids  are  present  in  the  Ciconiidce  and  most  of  the  Ardeidcc  ; vide  Garrod,  ‘ Proc.  Zool  Soc.,’  1873,  p.  467. 
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and  in  the  form  of  the  neural  spine  ; altliough  differing  by  its  shorter  centrum,  and 
the  other  characters  in  wliich  it  differs  from  Leptoptilus.  The  writer  has  not  found 
any  otlier  birds  whose  vertebra  approaches  so  nearly  to  the  fossil  as  those  mentioned 
above  ; and  all  the  other  genera  have  vertebrce  very  much  smaller  tlian  the  specimen 
under  consideration. 

Distinctness  and  affinities. — The  foregoing  comparisons  show  that  the  j)resent 
specimen  probably  indicates  a Siwalik  stork  (or  allied  form)  exceeding  in  size  the 
largest  Tjeptop)tiliis  argala,  and  specifically  distinct  from  any  living  bird.  The 
circumstance  that  the  limb-bones  of  L.  fatconeri  are  practically  indistinguishable 
from  those  of  L.  argala  renders  it  almost  certain  that  the  present  vertebra  does  not 
belong  to  the  former.  Whether  the  characters  pointed  out  as  distinguishing  the 
fossil  vertebra  from  the  existing  genera  with  which  comparisons  have  been  made 
should  bo  regarded  as  of  generic  or  of  specific  value  appears  extremely  doubtful ; 
and  it,  therefore,  seems  advisable  not  to  attempt  to  give  any  name  to  the  present 
large  Siwalik  bird.  The  distribution  and  relations  of  the  genera  Leptoptiliis,  Mgcteriay 
and  Balceniceps  are  such  as  to  render  it  highly  probable  that  an  allied  extinct  genus 
should  have  formerly  existed  in  India. 

Order  : ANSERES. 

Family:  ANATIDJE. 

Genus  : MERGES,  Linn. 

Distribution. — The  genus  has  a wide  distribution,  being  found  in  the  Paliearctic, 
Nearctic,  and  Neotropical  regions.  It  has  apparently  been  hitherto  unknown  in  the 
fossil  state.^ 

Merges  (?)  sjd. 

History. — The  specimen  on  which  this  determination  rests  is  noticed  here  for 
the  first  time. 

Cervical  vertebra. — In  jdate  XIV.,  figs.  3,  3a,  3b,  there  are  given  three  views  of 
an  early  cervical  vertebra  of  a bird  obtained  by  Mr.  Theobald  from  the  Siwaliks  of 
Asnot,  Punjab.  Fig.  3 represents  the  hasmal,  fig.  3a  the  anterior,  and  fig.  3b  the 
neural  aspect.  The  specimen  lias  lost  both  pairs  of  zygapophyses,  a portion  of  the 
neural  spine,  and  the  posterior  part  of  the  lateral  expansions  of  the  centrum. 

This  vertebra  is  characterized  by  the  extreme  flatness  and  'width  of  its  haemal 
surface  (fig.  3) ; and  in  this  respect  comes  nearer  to  Mergus  than  to  any  other  genus 
with  which  the  writer  has  been  able  to  compare  it.  It  is  still  shorter  and  wider 
than  the  corresponding  vertebra  of  M.  serrator,  but  indicates  a bird  of  about  the 
same  size.  The  writer  has  been  unable  to  compare  the  specimen  with  M.  merganser.^ 
M.  albellus,  or  31.  castor. 

Although  the  generic  determination  cannot  be  considered  as  certain,  the  present 

1 Thii  so-ca.)lodL  Mcri/its  rortzoHi=Sula  ronzoni. 
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specimen  may  be  taken  to  indicate  in  all  probability  the  occurrence  in  the  Siwaliks 
of  a bird  closely  allied  to,  if  not  identical  with,  Mergus. 

Genus,  non.  det. 

Phalangeal  of  the  foot.— ha.  plate  XIV.,  fig.  13,  there  is  represented  a bone 
obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab,  which  is  apparently  the 
first  phalangeal  of  the  median  (third)  digit  of  the  foot  of  some  stout-limbed 
swimming  or  walking  bird ; the  proximal  extremity  is  somewhat  worn,  and  the 
whole  of  the  external  surface  is  partially  decayed.  The  specimen  is  very  similar  to 
the  corresponding  bone  of  the  Australian  Cereopsis,  but  it  is  insufficient  to  determine 
even  the  order  to  which  its  owner  belonged. 

Sub-Class  II.:  RATIT^. 

Family  : STB  UTEIONIDJE. 

Genus  : STRUTHIO,  Linn. 

Number  of  species. — At  the  present  day  the  genus  is  -represented  by  the  well- 
known  S.  camelus.^  An  ostrich  has  indeed  been  recently  described  from  Somali  Land 
under  the  name  of  S.  mohjhdophanes,  Reichenow,^  but  there  is  considerable  doubt  as 
to  its  claim  to  sjiecific  distinctioiP ; and,  in  any  case,  it  is  distinguished  at  present^ 
merely  by  external  characters,  so  that  for  palmontological  purposes  it  may  be  grouped 
with  S.  camelus.  The  species  described  below  is  the  only  fossil  representative. 

Species:  Struthio  asiaticus,  A.  M.  Edwards. 

Syn.  S.  palceindicus,  Falc.,  MSS.;  Megaloscelornis  sivalensis^  nobis  (in parte). 

Tlistorg, — Apparently  the  first  mention  of  a Siwalik  ostrich  is  in  a letter  from 
Falconer  to  De.  Blainville,  dated  October  4th,  1847,  in  which  certain  remains  were 
alluded  to  under  the  name  of  S.  palceindicus.'^  In  1871  (or  a little  earlier)  M.  A. 
Milne-Edwards^  2^1’oposed  the  name  of  S.  asiaticus  for  the  Siwalik  sjiecies ; and  in 
1880  Mr.  Davies'®  described  the  remains  on  the  evidence  of  which  this  name  had  been 
assigned,  giving  a figure  of  the  most  imjiortant  specimen.  It  was  mentioned  at  the 
same  time  that  other  remains  had  been  figured  in  unpublished  plate  R.  of  the 
“ F.A.S.,”  but  had  received  no  name.  In  the  previous  year  the  present  writeF 
briefly  described  two  bones  from  the  Siwaliks  (which  had  been  found  in  juxtaposition 
and  were  labelled  by  Falconer  as  remarkable  specimens)  and  referred  them  both  to  a 
bird,  to  which  he  applied  the  new  generic  and  specific  name  of  Megaloscelornis  sivalensis. 
One  of  these  bones,  which  was  regarded  as  the  sternum  of  this  new  bird,  turns  out 
to  be  a portion  of  the  carapace  and  plastron  of  an  emydine  chelonian,  which  presents 
a most  extraordinary  resemblance  to  an  avian  sternum.®  The  other  bone  is  a portion 

1 S.  ausiralis,  Gurney,  seems  to  be  merely  a variety. 

2 ‘ Sonntags-Beiloge  zur  Norddeutschen  Allgemeinen  Zeitung,’  September,  1883. 

3 Vide  ‘ Ibis,’  1884,  pp.  116,  352.  4 Vide  “ Pal.  Mem.,”  vol.  I.,  p.  xxi.  (1868). 

5 Op.  cit.,  vol.  II.,  p.  587.  6 Op.  cit.,  p.  19.  7 ‘Records,’  vol.  XII.,  p.  55. 

8 The  writer  is  indebted  to  Prof.  A.  Newton,  of  Cambridge,  for  this  correction. 

C 


U4— 10  INDIAN  TERTIARY  AND  POST-TERTIARY  VERTEBRATA. 


of  a tibia  and  belongs  to  the  present  speciesd  Tlie  genus  Megaloscelornis  must, 
therefore,  be  abolished.'^ 

Metatarsus  and  jdialangeal. — In  plate  XV.,  tig.  3,  there  is  given  a full-sized  view 
of  the  distal  half  of  the  right  metatarsus,  with  the  proximal  half  of  the  first 
phalangeal  of  the  inner  digit ; obtained  from  the  Siwalik  Hills.  These  bones  are 
indistinguishable,  both  as  regards  form  and  size,  from  those  of  the  existing  ostrich. 

Tibia  and  fibida. — In  plate  XV.,  tigs.  2,  2a,  there  are  two  half-sized  views  of  the 
distal  half  of  a right  tibia  from  the.  Siwalik  Hills.®  The  articular  portion  of  the 
bone  is  somewhat  damaged  ; but  allowing  for  this  loss  the  specimen  is  indistinguish- 
able in  all  respects  from  the  tibia  of  S.  canielus.  In  figures  1,  la  of  the  same  plate 
there  are  two  similarly  reduced  views  of  the  greater  j)ortion  of  a right  tibia  and 
fibula'‘  from  the  Siwalik  Hills.  The  specimen  is  imperfect  superiorly,  the  fibula  (/) 
being  broken  off  loAver  down  than  the  tibia  : a transverse  section  of  the  specimen  at 
a fracture  shows  that  the  tibia  and  fibula  are  perfectly  distinct,  although  cemented 
together  by  matrix.  Distally  the  specimen  has  lost  its  articular  extremity  (astragalus) ; 
thus  showing  that  it  belonged  to  an  adolescent  individual.  This  specimen  agrees 
precisely  in  every  respect  Avith  the  last,  and  Avith  the  corresponding  bone  of  S. 
canieliis. 

Bones  of  the  iving. — The  metatarsus  described  aboA^e  is  associated  with  some  of 
the  wing-bones  and  some  cervical  A'ertebrm,  doubtless  belonging  to  the  same  individual. 
The  Aving-bones  comprise  the  distal  ends  of  the  radius  and  ulna,  the  metacarpus,  and 
a phalangeal ; and  the  only  difference  than  can  be  detected  betAveen  these  bones  and 
those  of  S.  canielus  is  that  the  metacarpals  are  slightly  stouter. 

Vertebrcc. — The  above-mentioned  cervical  vertebrm  are  tAvelve  in  number,  five 
of  Avhich  are  figured  in  plate  R.,  figs.  1,  la  of  the  “ F.A.S.”:  they  are  fully  described 
by  Mr.  Davies.  The  vertebrae  resemble  those  of  S.  canielus  in  general  size;  but 
their  larger  anterior  transA^erse  diameter  and  greater  vertical  depth  seem  to  indicate 
that  the  Siwalik  ostrich  had  a stouter  neck. 

Distinctness  and  affinities. — The  foregoing  comparisons  show  that  the  Siwalik 
ostrich  was  extremely  close  to  the  existing  species ; and  it  seems  doubtful  Avhether 
the  slight  differences  in  their  cervical  vertebrae  can  be  regarded  as  of  more  than 
individual,  or  varietal,  value.  Under  these  circumstances/  the  name  N.  asiaticus  must 
be  regarded  as  provisional. 

Distribution. — All  the  knoAvn  remains  have  been  obtained  from  the  typical 
SiAA^alik  Hills  : it  is,  however,  to  be  expected  that  the  species  aaoII  eA-entually  be  found 

1 The  tihia  was  referred  to  Megaloscelornis  from  the  circumstance  that  it  was  associated  with  the  supposed  sternum.  This 
example  affords  a warning  against  relying  on  the  association  of  Siwalik  hones  as  indicating  individual  identity.  It  seems 
from  the  labelling  of  the  specimens  that  this  association  deceived  Falconer.  The  writer  considered  that  the  tibia  differed  from 
that  of  struthioids  by  the  anchylosis  of  the  fibula,  hut  a subsequently  made  section  of  the  specimen  has  shown  that  the  two 
hones  are  really  distinct, 

2 A portion  of  a humerus  from  Sind  noticed  in  the  ‘ Eecords,’  vol.  XVI.,  p.  68,  which  it  was  suggested  might  possibly 
belong  to  Mcgnlosedornis,  seems  to  he  probably  crocodilian. 

3 Figured  in  the  “ F.A.S.,”  pi.  E.,  figs.  2,  '2n,  2b,  2c,  2d. 

4 This  specimen  is  the  one  originally  referred  to  Megaloscelornis. 
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in  the  Siwaliks  of  the  Punjab,  iince  it  is  pretty  evident  tliat  the  genus  must  once 


have  ranged  through  Persia,  a: 


and  Africa)  with  its  old  Indian  home. 


Number  of  species. — There 
emeu’ — D.  novce-hollantUcc,  Viell. 
has  been  referred  to  the  genus. 


ud  have  thus  connected  its  jDresent  habitat  (Syria, 


Family  : GA  S UABIIDJE. 

GenL:  DEOMJ5US,  Vieill. 

is  apparently  only  a single  well-established  existing 
; and  the  form  described  below  is  the  only  fossil  that 


Species  : 

History. — This  s^^ecies  was 
phalangeal  bones  collected  by 


DROMyEUS  (?)  SIVALENSIS,  UoUs. 

named  by  the  writeP  in  1879  on  the  evidence  of  four 
Mr.  Theobald  in  the  Siwaliks  of  the  Punjab,  which 
form  the  subject  of  the  present | notice. 

Phalangeals. — Of  the  first  Specimen  three  views  are  given  in  plate  XIV,  figs.  2, 
2a,  2b.  This  bone  is  the  first'  phalangeal  of  the  outer  (fourth)  digit  of  the  right 
foot  of  a tridactyle  struthioid;  and  is  in  fair  preservation,  but  has  lost  a small 
portion  of  the  inner  border  of  \the  proximal  extremity  (fig.  2b).  In  figure  6 of  the 
same  plate  there  is  represented  the  corresponding  bone  of  the  opposite  foot  of  a 
slightly  smaller  struthioid.  This  specimen  has  been  considerably  rolled ; and  its 
distal  extremity,  as  well  as  tlije  anterior  aspect  of  the  ])roximal  extremity,  are 
consequently  imperfect.  In  general  contour  this  bone  is  very  similar  to  the  last ; 
but  has  the  inner  extremity  ofl  the  proximal  surface  [a)  somewhat  more  produced. 
It  is  somewhat  doubtful  whetheif  these  differences  in  size  and  form  should  be  regarded 
as  of  individual  or  specific  valjie ; but  it  seems  advisable  in  the  absence  of  other 
evidence  to  regard  them  provisionally  in  the  former  light.  These  bones  are  very 
near  indeed  to  the  correspondi[ng  bone  of  Promceus  novce-hollandice ; being  mainly 
distinguished  by  the  slighter  development  of  the  pit  on  the  inner  asjject  of  the  distal 
extremity,  and  their  considerably  larger  size.  They  do  not  come  so  close  to  the 
corres^Donding  bone  of  any  othdr  struthioid. 

In  figure  5 of  the  same  pla^e  there  is  represented  the  second  phalangeal  of  the 
outer  digit  of  the  left  foot  of  a jtridactyle  struthioid,  agreeing  in  relative  size  with 
the  larger  first  phalangeal  (fi^.  2).  This  bone  is  only  distinguished  from  the 
corresponding  phalangeal  of  thej  living  emeu  by  its  superior  size  and  the  somewhat 
greater  expansion  laterally  and  Interiorly  of  the  outer  articular  trochlea  [a).  Both 
the  recent  and  fossil  bones  are  cparacterized  by  the  presence  of  a pit  on  the  outer 
side  only  of  the  distal  extreniitV.  There  is  every  j^robability  that  the  fossil  belongs 
to  the  same  species  as  the  first  phalangeal  represented  in  fig.  2. 

In  figs,  4,  4a,  4b  of  the  I same  plate  there  are  given  three  views  of  a larger 
second  phalangeal  of  the  same  digit  and  foot,  which  corresponds  so  exactly  in  form 
with  the  smaller  specimen  that  it  evidently  belonged  to  the  same  kind  of  bird. 


1 B.  irrorala,  Bartl.,  is  generally  regarded',  as  a variety. 


2 ‘Records,’  vol.  XI.,  pp.  53-4. 
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In  the  following  table  the  dimensions  of  the  four  specimens  described  above  are 
compared  with  those  of  the  corresponding  bones  of  the  living  emeu.  The  two 
middle-sized  fossil  bones,  which  belonged  to  individuals  of  the  same  size,  are  placed 
in  the  second  column  : — 


Length  of  first  phalangeal  .... 

l' 

Fossil. 

X 

l2-4 

N 

2 3 

D.  noviB-hollandite. 

1-8 

Ant. -post.  diam.  of  proximal  surface  of  ditto 

1-36 

1 15 

0-75 

Transverse  ditto  ditto  

1-3 

1-2 

0-7 

Ant. -post.  diam.  of  distal  ditto 

0 9 

0 7 

0-46 

Transverse  ditto  ditto  

1-0 

0-8 

0-6 

Length  of  second  phalangeal  .... 

1-.51 

13 

0 8 

Ant. -post.  diam.  of  proximal  surface  of  ditto 

I'O 

‘0-8.5 

0‘55 

Transverse  ditto  ditto  

1-38 

M 

0-62 

Ant. -post.  diam.  of  distal  ditto 

0-7 

jO'65 

0-45 

Transverse  ditto  ditto  

1-3.5 

1-08 

0-54 

Distinctness  and  affinities. — The  resemblance  of  tliO  bones  described  above  to  those 
of  the  living  emeu  is  so  close  that  there  seems  little  doubt  but  that  they  indicate  the 
existence  of  a nearly  allied  bird  in  the  Siwaliks.  Whether  the  fossil  was  generically 
identical  with  the  recent  form  may  perhaps  on  the  whole  be  somewhat  doubtful,  but 
there  is  every  probability  that  the  one  was  the  ancestral  form  of  the  other  ; and  it 
inay  therefore  be  well  to  continue  to  refer  the  fossil  to  Vromceus^  until  such  time  as  it 
shall  be  proved  distinct.  It  is,  however,  by  no  means  imjDrobable  that  the  Siwalik 
bird  may  belong  to  the  pleistocene  Australian  gdnus  Dromomis,  of  Avhich  the 
corresponding  bones  are  at  present  unknown.  That  the  Siwalik  form  was  specifically 
distinct  from  the  living  emeu  is  evident,  and  the  specific  name  sivalensis  may  therefore 
stand.  Whether  more  than  one  sjDecies  is  at  present  <|3omprehended  under  that  name 
cannot  be  determined;  but  if  such  should  eventually  prove  to  be  the  case,  the 
middle-sized  bones  whose  measurements  are  given  in  the  second  column  of  the 
foregoing  table  may  be  regarded  as  the  types.  ! 

Distribution. — As  previously  observed,  the  present  form  has  hitherto  been 
obtained  only  from  the  Siwaliks  of  tlie  Punjab;  but  from  its  relationship  to  the 
Australian  emeu  it  is  to  be  expected  that  it  will  evejntually  be  found  in  the  typical 
Siwalik  Hills.  i 

The  former  occurrence  in  India  of  a large  strut^iioid  closely  allied  to  the  emeu 
is  one  more  instance  of  the  originally  wide  distribution  of  the  struthioid  birds ; and 
it  not  improbably  indicates  that  the  home  of  the  group  of  which  the  cassowaries, 
emeus,  and  moas  are  diverging  branches  was  originally  somewhere  in  the  neighbour- 
hood of  the  Indian  region ; from  whence  a migrationl  took  place  during  some  part  of 
the  tertiary  period  towards  the  south-east,  where  the  group,  in  regions  more  or  less 
completely  free  from  the  larger  mammals,  subsequently  attained  its  greatest 

development.  ' 

1 

Genus,  non.  det.  | 

^ 1 . . 

Phalangeal. — In  plate  XIV.,  fig.  8,  there  is  represented,  from  the  anterior  aspect, 
the  second  phalangeal  of  the  middle  (third)  digit  of  the  foot  of  a tridactyle  struthioid 
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from  the  Siwalik  Hills ; of  which  other  views  are  given  in  the  plate  accompanying 
Mr.  Davies’  memoir.  This  specimen  is  but  slightly  larger  than  the  corresponding 
bone  of  one  of  the  species  of  Casuarius,  and  would,  therefore,  seem  too  small  to 
have  belonged  to  the  last  species.  According  to  Mr.  Davies^  this  bone  differs  from 
Dromceus  and  Gasuarius  so  markedly  that  it  seems  to  be  generically  distinct  from 
both,  although  nearer  the  latter  than  the  former.  It  cannot  apparently  be  identified 
with  any  other  described  genus. 

Additional  specimens  are  required  before  the  affinities  of  this  bone  can  be  fully 
determined,  but  it  apparently  indicates  a third  form  of  Siwalik  struthioid. 


1 Op.  cit.,  pp.  22-3.  Dimensions  and  a description  are  given  in  this  notice. 
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MASTODOI  TEETH  EDOM  PEDIM  ISLAND. 

By  R.  LYDEKKER,  B.A.,  F.Q.S.,  F.Z.S. 

(WITH  PLATES  XVI.  AND  XVII.) 


INTRODUCTORY. 

Since  the  publication  of  the  description  of  various  remains  of  Mastodon  pandonis 
and  M.  angustidens  in  an  earlier  part  of  this  volume^  the  present  writer  has  been 
favoured  with  the  loan  of  several  teeth  of  mastodons  from  the  Siwaliks  of  Perim 
Island,  in  the  Gulf  of  Cambay,  which  were  collected  by  Mr.  Wajeshankar  Gowree- 
shankar  of  Bhaonagar,  Guzerat.  As  some  of  these  teetli  differ,  either  in  form  or  in 
their  degree  of  wear,  from  previously  described  specimens,  and  as  it  is  only  by 
describing  a large  series  of  specimens  that  we  can  hope  to  arrive  at  anything  like  a 
complete  knowledge  of  the  dentition  of  the  Siwalik  mastodons,  the  writer  is  glad  to 
have  the  opportunity  of  describing  these  interesting  specimens,  and  at  the  same  time 
ventures  to  express  the  hope  that  they  are  not  the  last  that  he  will  receive  from  the 
same  source.  In  addition  to  these  specimens  a tooth  from  Perim  Island,  now  in  the 
collection  of  the  British  Museum,  and  another  collected  by  Mr.  F.  Fedden,  of  the 
Geological  Smwey,  in  the  same  locality,  are  also  described  and  figured.  It  may  be 
added  that  Mr.  Gowreeshankar’s  specimens  are  those  briefly  noticed  on  page  134  of 
the  present  volume. 

Mastodon  pandionis,  Falconer. 

First  upper  true  molar. — In  figures  2,  2a  of  plate  XVII.  there  are  given  two 
views  of  the  crown  of  a perfect  germ  molar  of  a trilophodont  mastodon.  The 
convexity  of  the  crown,  and  its  relative  shortness  indicates  that  the  specimen 
probably  belongs  to  the  upper  jaw,  and  the  position  of  the  columns  proves  that  it 
belongs  to  the  right  side.  The  size  of  the  tooth  indicates  that  it  is  probably  the 
first  true  molar. 


1 Pages  17-32,  plates  IV. -V. 
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The  crown  carries  three  distinct  ridges  and  a well-marked  hind  talon  [ta).  The 
ridges  are  divided  by  a median  longitudinal  cleft  into  an  inner  and  outer  moiety, 
which  are  not  set  in  the  same  transverse  line  ; the  valleys  are  completely  blocked  by 
outlying,  or  accessory,  columns,  and  there  are  four  distinct  cusps  on  the  hindmost 
ridge.  The  columns  (fig.  2a)  have  a considerable  forward  inclination ; the  enamel 
has  deep  vertical  groovings  ; and  there  is  a considerable  amount  of  cement  in  all  the 
valleys ; while  there  is  a distinct  cingulum  (<?)  on  the  inner  side. 

All  the  above  characters  are  those  of  the  molars  of  Mastodon  pandionis,  and  if 
the  figures  of  the  present  specimen  be  compared  with  the  figure  of  the  type  upper 
molar  given  in  plate  V.,  fig.  5,  of  the  present  volume,'  it  will  be  seen  that  the  two 
agree  so  closely  with  one  another  that  they  evidently  belong  to  the  same  species. 
The  type  tooth  is,  however,  less  narrow  anteriorly  ; but  a much-worn  specimen 
figured  in  plate  XXXII.,  fig.  4,  of  the  first  volume,  under  the  name  of  M.  falconeri, 
but  referred  to  the  present  species  on  page  30  of  the  present  volume,  agrees  more 
nearly  in  this  respect  with  the  specimen  under  consideration.  The  three  teeth  taken 
together  afford  a good  example  of  the  variation  to  which  an  homologous  tooth  of 
the  same  species  is  liable.  The  length  of  the  present  specimen  is  3'7 ; its  greatest 
width  2'4  ; its  width  at  the  first  ridge  1‘7  : and  the  height  of  the  inner  column  of 
the  last  ridge  2*0  inches. 

Last  upper  true  molar. — The  specimen  represented  in  plate  XVI.,  fig.  1,  agrees  so 
exactly  with  the  last  left  upper  true  molar  in  the  palate  specimen  of  M.  pandionis 
from  the  Punjab  represented  in  plate  XXX VA.  of  the  first  volume,  that  it  may  be 
certainly  considered  as  the  homologous  tooth.  The  Perim  specimen  (of  which  the 
talon  has  been  broken  away)  is  important  as  exhibiting  this  tooth  in  a worn 
condition ; the  Punjab  specimen  being  almost  unworn.  The  figure  shows  the 
characteristic  corrugated  enamel,  which  presents  a crenulated  aj)pearance  in  transverse 
section.  The  inner  columns  present  irregularly  shaped  dentine  islets,  and  not  the 
distinct  trefoils  of  Mastodon  falconeri^ ; this  being  mainly  due  to  the  small  development 
of  the  posterior  accessory  column  {b).  Cement  is  present  in  all  the  valleys. 

Mastodon  perimensis.  Falconer  and  Cautley. 

Second  right  upper  true  molar. — In  plate  XVI.,  fig.  2,  there  is  represented  the 
greater  portion  of  a right  upper  true  molar  of  a mastodon,  collected  by  Mr.  Fedden, 
which  from  reasons  given  below  is  considered  to  be  the  penultimate  tooth  of  M. 
perimensis,  which  has  lost  the  last  ridge  and  talon  : the  three  remaining  ridges  are  in 
an  unworn  condition.  The  specimen  agrees  very  closely  with  the  much  damaged 
homologous  tooth  figured  in  plate  IX.,  figs.  5 and  6 of  vol.  I.  of  the  “ Palaeontological 
Memoirs  and  also  in  general  characters  with  the  first  and  third  upper  true  molars 
figured  in  plates  XL.  and  XLII.  of  the  first  volume  of  the  present  work.  All  these 
four  teeth  agree  in  having  tall  columns,  with  deep  and  narrow  transverse  valleys, 

1 A side  view  on  a small  scale  is  given  in  Falconer’s  “ Paleontological  Memoirs,”  vol.  I.,  pi.  XXXIV.,  fig.  7. 

2 Vol.  I.,  pi.  XXXII.,  fig.  1. 
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partially  blocked  by  accessory  columns  (a,  h)}  When  worn  it  is  quite  evident  that 
the  first  inner  column  of  the  present  tooth  would  present  a trefoil-shaped  dentine 
islet  as  in  the  corresponding  ridges  of  the  partially  worn  teeth  figured  in  the  first 
volume.  Owing  to  the  absence  in  the  second  and  third  valleys  of  a distinct  posterior 
accessory  column  {h),  the  second  and  third  ridges  would  not  present  such  perfect 
trefoils  of  dentine.  The  tooth  is  readily  distinguished  from  the  upper  molars  of  M. 
latidens  (vol.  I.,  pi.  XXXVIII.)  by  its  higher  columns  and  less  open  transverse 
valleys ; and  is  also  distinguished  from  those  of  M.  sivalensis  by  the  want  of  a 
completely  alternate  arrangement  of  the  inner  and  outer  columns  of  the  ridges,  as  well 

as  bv  the  distinct  trefoil  which  would  be  formed  on  the  first  inner  column  when  worn 

■/ 

down.  The  tooth  is  totally  unlike  the  second  upper  true  molar  of  the  trilophodont 
M.  falconer i (vol.  I.,  pi.  XXXII.,  fig.  1),  and  is  readily  distinguished  from  that  of  M. 
pandionis  {ibid,  pi.  XXXVA.)  by  its  comparatively  smooth  enamel,  and  the  more 
distinct  trefoil  which  would  be  formed  on  the  first  inner  column  when  worn. 

Seeing,  therefore,  that  the  specimen  under  consideration  agrees  in  all  general 
characters  with  the  molars  of  M.  perimensis  and  differs  from  those  of  all  the  other 
Siwalik  species  of  mastodons,  it  may  be  pretty  safely  referred  to  the  former  species : 
its  size  shows  that  it  is  the  penultimate  tooth. 

Assuming  this  reference  to  be  correct,  it  would  appear  that  the  tooth  figured  in 
plate  XLI.,  fig.  4 of  the  first  volume  as  m.  1 of  M.  perimensis  cannot  really  belong  to 
that  species^ ; its  columns  being  arranged  very  alternately,  the  valleys  completely 
blocked,  and  the  whole  tooth  of  a narrower  type  than  the  present  specimen.  In  all 
these  respects  the  former  tooth  agrees  with  M.  sivalensis  (compare  mm.  4 of  that 
species  represented  in  fig.  2 of  the  same  plate  of  the  first  volume),  and  may  probably 
be  referred  to  that  species,  being  an  example  of  a tooth  in  which  the  fifth  ridge  is 
not  developed. 

Upper  milk-molars? — With  the  exception  of  a tooth  figured  in  plate  XLI.,  fig.  3 
of  the  first  volume  of  this  work,  and  provisionally  considered  as  mm.  2/  the  milk- 
molars  of  the  present  species  have  not  hitherto  been  known.  The  tooth  figured  in 
plate  XVII.,  figs.  3,  3a,  of  the  present  volume  is  in  the  collection  of  the  British 
Museum,  to  which  it  was  presented  by  the  late  Mr.  C.  Falconer,  and  its  mineral 
condition  leaves  little  doubt  that  it  came  from  Perim  Island : it  is  labelled  by  Dr. 
Falconer  as  the  penultimate  left  upper  milk-molar  of  Mastodqn  latidens.  Of  the 
correctness  of  the  serial  position  there  is  no  doubt,  and  the  tooth,  which  is  almost 
untouched  by  wear,  evidently  belongs  to  a tetralophodont  species,  as  it  contains  three 
ridges  and  fore-and-aft  talons,  and  is  too  small  to  be  mm.  4 of  a trilophodont  species. 

1 There  are  more  minor  accessory  columns  in  the  last  molar  figured  in  vol.  I.  than  in  the  first ; but  this  can  only  be 
regarded  as  an  individual  variation. 

2 It  was  at  first  supposed  that  the  present  tooth  belonged  to  the  same  species  as  the  one  represented  in  vol.  I.,  pi.  XLI., 
fig.  4,  and  the  last  ridge  and  talon  {ta)  were  accordingly  restored  from  that  figure.  This  restoration  is,  therefore,  erroneous. 

3 The  teeth  of  the  milk -molar  and  premolar  series  are  enumerated  according  to  the  typical  series.  Thus  the  ante- 
penultimate=mm.  2 ; the  penultimate=mm.  3 ; the  ultimate=mm.  4. 

4 Termed  nma.  1 in  vol.  I. 


152—4  INDIAN  TERTIARY  AND  POST-TERTIARY  VERTEBRATA. 


The  ridges  are  relatively  small,  and  are  divided  by  a median  longitudinal  cleft, 
Avhich  is,  however,  less  marked  in  the  third  ridge.  The  valleys  are  partially  blocked 
by  accessory  columns  (a,  a),  and  there  are  traces  of  cement  in  all ; the  presence  of 
the  latter  being  a character  of  the  molars  of  M.  iierimends^  although  in  many 
specimens  the  cement  has  fallen  off. 

If  the  present  specimen  be  compared  with  the  penultimate  upper  milk-molar’  of 
M.  latidens  represented  in  plate  XXX.VII.,  fig.  4 of  the  first  volume,  it  will  be  seen 
that  it  differs  by  its  narrower  form,  its  much  higher  and  more  completely  divided 
ridges,  and  less  open  valleys.  The  tooth  is  quite  different  from  the  molars  of  M. 
sivalensis  ; and  as  it  agrees  precisely  in  general  characters  with  the  upper  true  molar 
of  M.  perimensis  figured  in  plate  XVI.,  fig.  2,  it  may  be  referred  with  great 
probability  to  that  species.  The  length  of  this  tooth  is  2'3  ; the  width  at  the  first 
ridge  P2,  at  the  third  P4  ; and  the  height  of  the  middle  ridge  0'95  inch. 

In  plate  XVII.,  fig.  1,  there  is.  represented  a fragment  of  the  right  maxilla  of  a 
young  tetralophodont  mastodon,  containing  the  second  and  third  milk-molars,  in  a 
much-worn  and  somewhat  battered  condition.  Allowing  for  its  different  condition 
of  wear  the  third  milk-molar  in  this  jaw  agrees  well  with  the  last  specimen  ; and  this 
circumstance,  taken  with  tlie  place  of  origin  of  the  present  specimen,  leads  to  the 
conclusion  that  it  very  probably  belongs  to  the  present  species.  From  its  worn  and 
battered  condition  it  is  impossible  to  say  whether  the  third  milk-molar  differed 
essentially  from  the  homologous  tooth  of  M.  latidens  represented  in  plate  XXXVII., 
fig.  4 of  the  first  volume ; but  it  seems  probable  that  the  ridges  when  unworn  were 
higher,  and  resembled  those  of  the  specimen  represented  in  plate  XVII.,  figs.  3,  3a. 
The  second  premolar  is  too  much  worn  to  permit  of  any  comparisons.  The  length 
of  the  third  milk-molar  is  DS,  and  its  greatest  width  D38  inches;  these  measure- 
ments agreeing  well  with  the  dimensions  of  the  last  specimen. 

Penidtimate  lower  premolar. — The  broken  tooth  represented  in  plate  XVII.,  fig.  4, 
is  contained  in  the  fragment  of  the  right  ramus  of  the  mandible,  in  that  imperfect 
and  battered  condition  which  is  frequently  so  provoking  to  the  palaeontologist.  The 
figured  tooth  has  had  the  anterior  portion  of  its  crown  hannnered  off,  and  is  but 
partly  protruded  : it  is  succeeded  posteriorly  in  the  jaw  by  a larger  and  fully 
protruded  tooth,  of  which  unfortunately  the  crown  is  now  entirely  wanting ; the 
latter  tooth  being  again  succeeded  by  a fragment  of  a tooth  still  in  alveolo.  The 
broken  tooth  appears  to  have  been  the  last  milk-molar,  and  the  figured  tooth  will 
accordingly  be  the  j^enultimate  premolar,  as  it  evidently  belongs  to  the  second  series. 
The  latter  has  a smooth  enamel,  showing  that  the  specimen  does  not  belong  to  M. 
pandionis  ; and  it  is  accordingly  thought  probable  that  it  may  belong  to  the  common 
Perim  species  ill.  perimensis  ; which  from  the  evidence  of  the  fine  specimen  figured  in 
plate  XL.  of  the  first  volume  is  known  to  have  developed  preniolars.  The  specimen 
under  consideration  shows  the  alveolus  of  a small  mandibular  tusk. 


1 Tormcd  2 in  vol.  I. 
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Relationship  of  M.  perimensis  and  M.  pandionis  to  one  another  and  to 

OTHER  SPECIES. 

It  has  been  shown  in  the  first  volume  of  the  present  work  that  M.  'perimensis  is  a 
species  provided  with  a comparatively  short  mandibular  symphysis  with  small  tusks 
(pi.  XLIII.),  while  that  of  M.  pandionis  (pi.  XXXVI.)  is  unusually  elongated  and 
often  furnished  with  large  tusks ; and  as  it  is  known  that  all  the  early  mastodons 
like  M.  angustidcns  and  M.  longirostris  had  long  tusked  mandibular  symphyses,  while 
the  stegodont  and  more  specialized  elephants  all  have  extremely  short  and  tuskless 
ones,  it  is  quite  evident  that  evolution  has  tended  to  the  shortening  of  the  mandibular 
symphysis  and  the  suppression  of  the  mandibular  tusks ; and  it  is  therefore  also 
pretty  evident  that  the  tetralophodont  M.  perimensis  is  a more  specialized  form  than 
the  trilophodont  M.  pandionis^  which  is  considered  to  be  an  offshoot  from  the  stock  of 
M.  angustidens}  The  circumstance  that  M.  pandionis  occurs  in  the  lower  Siwaliks 
where  M.  perimensis  is  not  found  is  another  circumstance  pointing  to  the  conclusion. 

If  now  the  tooth  of  M.  perimensis  rej^resented  in  plate  XVI.,  fig.  2,  be  compared 
with  that  of  M.  pandionis  represented  in  figure  1 of  the  same  plate,  it  will  be  seen 
that  it  merely  requires  the  anterior  accessory  columns  (a,  a)  of  the  latter  to  be  some- 
what less  developed,  which  would  render  the  valleys  more  open,  and  a fourth  ridge 
to  be  developed  in  the  ‘ intermediate’  molars  (vol.  I.,  pi.  XXXVa.),  and  a fifth  ridge 
and  double  talon  in  the  last  molar  {ibid')  to  transform  the  trilophodont  molars  of  M. 
pandionis  into  teeth  very  like  the  tetralophodont  ones  of  M.  perimensis.  Both  species 
agree  in  the  presence  of  cement  in  the  valleys,  and  it  is  probable  that  both  were 
furnished  with  premolars.  Taking  all  these  circumstances  together,  it  is  by  no 
means  improbable  that  M.  perimensis  may  be  a specialized  descendant  from  the  stock 
of  M.  pandionis. 

It  has  also  been  shown  in  the  first  volume  (pages  226-7)  that  the  last  lower 
molars  of  the  ujiper  Siwalik  M.  sivalensis  present  a remarkable  resemblance  to  those 
of  M.  pandionis  ; and  as  the  former  is  evidently  a more  specialized  form — having  a 
short  mandibular  symphysis  and  no  lower  tusks,  with  a tetro-pentalophodont  ridge 
formula — it  is  quite  possible  that  this  species  may  likewise  be  a descendant  from  the 
M.  pandionis  stock  ; the  development  in  this  instance  having  tended  to  an  increase  in 
the  alternate  arrangement  of  the  columns,  and  to  the  still  more  complete  blocking  of 
the  transverse  valleys ; while  the  premolars  and  cement  in  the  molars  have  dis- 
appeared. This  line  of  development  is  entirely  away  from  the  direction  of  the 
stegodont  elephants. 

Mastodon  pandionis  also  presents  a strong  resemblance  to  the  Pikermi  M.  pentelici? 
Thus  both  species  are  trilophodont  forms,  having  a long  and  tusked  mandibular 
symphysis,  and  teeth  of  the  same  general  plan  of  structure,  with  a rugose  enamel, 
and  some  cement  in  the  valleys.  The  earlier  upper  teeth  of  M.  pentelici  appear. 


1 Supra,  page  31. 


2 Gaudry,  “ Animaux  Fossiles  et  Geologie  de  I’Attique,”  pis.  XXII. -III. 
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however,  to  have  rather  more  open  valleys  than  those  of  M.  pandionis,  hut  the 
resemblance  is  greater  between  the  lower  teeth' : the  Pikermi  species  has  no 
premolars.  Closer  comparisons  between  the  two  cannot  be  made  until  some  of  the 
true  molars  of  M.  pentelici  are  known ; but  it  seems  probable  that  both  the  latter 
and  31.  pandionis  are  branches  of  the  older  M.  angustidens  stock. 

The  associated  milk-molars  from  the  cranium  of  a young  Siwalik  mastodon 
figured  in  plate  XXII.,  figs.  2,  3,  and  XXXIII.,  fig.  2 of  the  first  volume  of  this 
work,  under  the  name  of  M.  faleoneri,  but  which  have  been  shown  on  page  32  of  the 
present  volume  to  be  distinct,  differ  from  those  of  M.  pandionis  in  the  more  open 
valleys  of  the  intermediate  molars,  and  in  this  res2)ect  agree  more  nearly  with  M. 
pentelici ; which  the  Siwalik  form  also  resembles  in  the  absence  of  premolars.  The 
resemblance  between  the  penultimate  milk-molars  of  the  Siwalik  and  Pikermi  forms^ 
is  indeed  extremely  close ; and  it  appears  by  no  means  improbable  that  the  two  may 
really  be  specifically  the  same. 


1 Compare  Gaudry,  op.  cit.,  pi.  XXII.,  fig.  3,  m.  3,  with  plate  V.,  figs.  1,  la  of  the  present  volume. 

2 Compare  supra,  vol.  I , pi.  XXXII.,  fig.  2,  and  XXXIII.,  fig.  2,  with  m.  2 of  figs.  2 and  3 of  plate  XXII.  of 
Professor  Gaudry’ s work. 


INDIAN  TERTIARY  & POST-TERTIARY  YERTEBRATA. 


SIWALIE  AND  NARBADA  CHELONIA. 

By  R.  LYDEKKER,  B.A.,  F.G.S.,  etc. 

(WITH  PLATES  XVIII.  TO  XXVII.) 


INTRODUCTORY. 

Previous  literature. — Hitherto  our  knowledge  of  the  Chelonia  of  the  Siwaliks  has 
been  extremely  imperfect  and  crude ; no  systematic  work  on  the  subj  ect  having  ever 
appeared,  although  there  have  been  numerous  disconnected  papers.  The  earliest 
record  of  remains  of  the  order  in  these  deposits  is  by  Clift, ^ who  mentions  and 
figures  some  fragments  of  shells  of  Trionychidce  from  Burma.  Several  memoirs  on 
two  species  by  Falconer  and  Cautley,  and  Falconer  alone,  are  given  in  “Falconer’s 
Palaeontological  Memoirs,”^  some  of  which  were  originally  published  at  an  early 
period  of  the  palaeontological  career  of  Falconer,  although  one  did  not  appear 
during  his  life.  Mr.  Theobald  has  noticed  several  species  in  the  ‘ Records,’®  while  a 
brief  summary  of  all  the  species  then  known  to  him  has  been  given  by  the  present 
writer  in  the  ‘ Journal  of  the  Asiatic  Society  of  Bengal,’^  and  also  in  the  ‘ Records.’® 
Remains  of  a few  species  of  the  fossil  tortoises  of  the  pleistocene  Narbadas  have 
been  described  and  figured  by  Stoliczka.® 

Definition  of  terms. — In  the  present  memoir  the  various  elements  composing  the 
epidermal  horny  coat  are  termed  ‘ plates  ’;  the  term  ‘ scutes  being  restricted  to  the 

1 ‘Trans.  Geol.  Soc.’  sex.  2.  vol.  II.,  pp.  374-375  (1828).  2 Vol.  I.,  pp.  359-388.  (1868). 

3 ‘ Rec.  Geol.  Surv.  Ind.’  vol.  X.  pp.  43-45  (1877),  vol.  XII.  pp.  186-187  (1879). 

4 Vol.  XLIX.  pt.  II.  pp.  16-18  (1880).  5 ‘ Rec.  Geol.  Surv.  Ind.’  vol.  XVI.  pp.  67-68.  (1883). 

6 Ihid.  vol.  II.  pp.  36-9  (1870). 

7 The  advantage  of  using  the  term  scutes  in  this  sense  is  that  it  agrees  with  the  application  of  the  same  term  to  the 
dermal  armour  of  the  Crocodilia.  The  term  ‘ shields  ’ is  sometimes  employed  in  the  sense  in  which  the  term  plates  is  used 
here,  but  that  is  liable  to  lead  to  confusion  since  the  whole  plastron  is  frequently  termed  the  ventral  shield  ; that  term  being 
also  employed  in  the  same  sense  in  the  Labyrinthodonts. 
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elements  of  the  underlying  bony  framework.  The  names  applied  to  the  individual 
plates  are  those  employed  in  Gunther’s  “ Reptiles  of  British  India, with  the 
exception  that  the  term  ‘ pygal  ’ is  substituted  for  ‘ caudal.’  The  constituent  scutes 
of  the  plastron  are  respectively  termed  ejDiplastron,  xiphiplastron,  etc.,  instead  of 
episternum,  xiphisternum,  etc.,  as  they  are  often  called.  The  divisions  sej)arating 
both  the  plates  and  the  scutes  are  termed  sutures. 

Difficulty  of  the  subject. — As  many  specimens  of  the  shells  of  fossil  tortoises 
exhibit  only  the  boundaries  of  the  bony  scutes  and  not  those  of  the  epidermal  plates, 
and  as  in  recent  species  as  a rule  the  former  are  not  described  and  are  invisible 
without  the  removal  of  the  overlying  plates,  it  is  in  such  cases  almost  impossible  to 
determine  the  affinities  of  the  fossils.^  Owing  to  this  difficulty  the  writer  has 
considered  it  inadvisable  to  describe  -certain  Siwalik  specimens  in  which  the 
boundaries  of  the  plates  are  not  visible. 

The  great  similarity  in  the  shells  of  many  existing  emydines,  and  the  doubt 
still  existing  as  to  the  number  of  species,  likewise  renders  the  specific  determination 
of  their  fossil  allies  a matter  of  extreme  difficulty,  and  specific  names  have  therefore 
not  been  applied  in  several  instances : for  the  same  reason  in  the  majority  of  cases 
only  fairly  perfect  examples  of  such  forms  have  been  described  at  all.  In  the  case 
of  the  larger  land-tortoises,  where  only  fragments  of  the  shell  are  forthcoming,  the 
epiplastral  element,  as  the  one  most  frequently  preserved,  has  been  selected  as  the 
one  on  which  to  found  sjDecific  distinctions.  It  is  of  course  obvious  that  unless  some 
such  restriction  be  observed  several  species  might  easily  be  made  from  the  remains 
of  one  and  the  same  form. 

Delations  of  the  fossil  and  existing  Indian  tortoises. — As  far  as  our  present  very 
imperfect  knowledge  admits  of  generalization  it  appears  that  the  pleistocene 
tortoises  of  the  Narbadas  all  belong  to  existing  Indian  species.  A considerable 
proportion  of  the  medium  and  smaller  sized  forms  of  the  pliocene  Siwaliks  appear 
closely  allied  to  existing  species  now  inhabiting  India  and  the  neighbouring  regions, 
although  in  most  instances  they  present  more  or  less  well-marked  differences,  which 
are  in  many  cases  regarded  as  of  specific  value.  It  is,  however,  very  frequently  a 
matter  of  extreme  difficulty  to  decide  whether  the  fossil  forms  should  not  rather  be 
looked  upon  in  the  light  of  varieties  of  the  existing  species  ; — the  course  taken  really 
depending  to  a considerable  extent  on  the  views  of  the  individual  describer  as  to 
what  are  specific  and  what  are  merely  varietal  differences.  Some  of  the  groups, 
however,  _ like  that  of  Glemmys  crassicollis  and  the  genus  Emyda  were  much  more 
strongly  represented  in  the  pliocene  than  in  recent  times.  With  reghrd  to  the  larger 
land-tortoises  the  case  is  different ; there  being  no  question  as  to  the  specific 
distinctness  of'  the  large  number  of  forms  by  which  this  group  is  represented  from 
any  existing  Indian  species.  The  nearest  ally  of  this  group  is,  however,  apparently 
to  be  found  in  the  existing  Oriental  Manouria  emys,  although  there  are  strong 

1 Page  2. 

2 The  writer  is  indebted  to  Mr.  Theobald  for  numerous  specimens  of  the  shells  of  recent  Indian  tortoises,  which 
have  much  facilitated  his  comparisons  with  their  fossil  allies. 


SIWALIK  AND  NARBADA  CHELONIA. 


3—157 


indications  that  tlie  recent  gigantic  tortoises  of  the  far  distant  islands  of  the  Indian 
Ocean  are  sprung  from  an  allied  branch.  The  inference  may  thus  be  drawn  that 
while  many  of  the  smaller  forms  have  clung  to  the  continent  of  Asia  with  but  a 
comparatively  slight  amount  of  change  from  the  Siwalik  epoch  to  the  present  day, 
the  larger  ones  have  entirely  succumbed  in  the  contest  with  the  higher  mammals  of 
the  continent,  and  are  now  only  represented  by  distant  cousins  in  regions  entirely 
free  from  such  forms  of  life,  or  by  much  smaller  species  on  the  Asiatic  continent. 

The  comparatively  small  number  of  forms  described  in  the  following  pages 
when  taken  in  connection  with  the  large  number  belonging  to  particular  groups 
indicates  that  we  are  at  present  only  acquainted  with  a small  moiety  of  the  whole 
Siwalik  chelonian  fauna ; and  from  the  extremely  interesting  nature  of  the  species 
that  are  known  to  us  the  attention  of  collectors  may  be  particularly  directed  to  the 
acquisition  of  additional  speciu'ens. 

Finally,  it  may  be  observed  that  the  intimate  affinity  exhibited  by  the  majority 
of  the  Siwalik  tortoises  with  those  now  inhabiting  India  affords  one  of  the  strongest 
arguments  for  the  late  geological  age  of  those  deposits. 

Family  I. : TESTUDINID^. 

Shell  convex,  covered  with  horny  plates  ; feet  c]ub-shaped  and  adapted  for 
walking  (hind-feet  partially  webbed  in  Manouria)  ; pygal  plates  usually  united,  but 
separate  in  some  recent  and  extinct  Oriental  forms.  Plastron  (in  recent  forms) 
concave  in  males,  flat  in  females. 

Genus  I.  : COLOSSOCHFLYS,  Falconer  and  Cautley.^ 

Shell  as  in  Testudo,^  but  with  the  pygal  plates  not  united,  and  the  plastron  produced 
anteriorly  into  a pair  of  cornua,  supported  on  the  ventral  aspect  by  a strong 
triangular  keel  on  winch  the  gular  plates  are  borne.  Pectoral  plates  unknown. 

The  genus  is  exclusively  Indian,  and  now  extinct. 

Species  : Colossochelys  atlas.  Falconer  and  Cautley.® 

Syn.  Megalochelys  sivalensis,  Falconer  and  Cautley.^ 

(Twice  the  size  of  Testudo  elephantma.) 

History. — This  species  was  originally  named  Megalochelys  sivalensis,  but  the 
designation  was  subsequently  changed  to  Colossochelys  atlas ; the  term  Colossochelys 
being  employed  as  a subgenus  of  Testudo.  As  subgeneric  terms  are  objectionable, 
and  as  the  present  species  differs  from  Testudo  by  the  non-union  of  the  pygal  plates, 
and  from  Manouria  by  the  form  of  the  epiplastron,  the  term  Colossochelys  is  retained 

1 ‘ Proc.  Zool.  Sbc.’  1844.  p.  54.  (As  a subgenus.) 

2 The  definition  of  Te/tiudo  may  he  given  as  follows,  viz.\ — Shell  usually  solid,  entirely  hony  and  immovable,  but 
sometimes  of  extreme  tenuity  ; pygals  united ; gulars  usually  double,  but  sometimes  (Mascarene  tortoises)  imited ; nuchal 
plate  present  or  absent. 


3 Loc.  cil. 


4 ‘ Journ.  As.  Soc.  Beng.’  vol.  VI.  p.  358.  (1837). 
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and  employed  in  a generic  sense.  In  a previous  memoiP  written  before  he  was 
aware  of  the  non-union  of  the  pygals  the  present  writer  thought  that  the  species 
might  be  referred  to  Testudo. 

Epiplastron. — The  most  characteristic  portion  of  the  whole  shell  is  the  anterior 
part  of  the  plastron,  of  which  several  specimens  comprising  the  anchylosed 
epiplastral  and  parts  of  the  contiguous  scutes  are  preserved  in  the  British  and  Indian 
Museums  ; all  the  specimens  having  been  obtained  from  the  Siwalik  Hills.  In  plate 
XVIII.  figs.  1,  la,  tliere  are  given  dorsal  and  ventral  views,  one-sixth  the  natural 
size,  of  this  portion  of  the  epiplastron  ; the  figures  have  been  made  by  combining 
the  two  most  perfect  specimens  in  the  British  Museum,  one  of  which  shows  the  free 
extremities  of  the  epiplastron,  and  is  figured  from  the  ventral  aspect  in  “ Falconer’s 
Paleontological  Memoirs,”  vol.  I.  pi.  XXX.  fig.  1,  while  the  other  shows  their 
junction  with  the  body  of  the  plastron.  The  dorsal  view  (fig.  1)  shows  that  the 
middle  portion  of  the  epiplastron,  which  carries  the  gular  plates,  is  enormously 
thickened ; the  thickened  portion  being  continued  on  either  side  as  a curved  rim 
covered  by  the  postgular  plates.  The  production  of  the  gular  far  in  advance  of  the 
postgular  portion  is  a character  in  which  the  fossil  agrees  with  Manouria  emys^  and 
difEers' from  Testudo  liorsfieldi  Siwdi  ihQ  allied  forms;  but  in  the  backward  projection 
of  the  hinder  portion  of  the  gulars  on  the  ventral  aspect  (fig.  la)  and  the  acute 
angle  formed  by  the  junction  between  the  sutures  separating  the  gulars  and  post- 
gulars  it  more  resembles  T.  horsjieldi  and  its  allies.  The  slight  bifurcation  occurring 
in  the  epiplastron  of  Manouria  emys  is  enormously  exaggerated  in  the  fossil,  the  free 
extremities  forming  distinct  cornua,  while  the  remaining  portion  of  the  dorsal 
surface  is  deeply  concave.  On  the  ventral  aspect  (fig.  la)  the  portion  covered  by 
the  gulars,  instead  of  being  merely  marked  by  the  V-shaped  suture  bounding  those 
plates  as  in  tortoises  like  T.  horsjieldi^  forms  a very  distinct  triangular  keel,  projecting 
beneatli  the  portion  covered  by  the  postgulars,  and  expanding  anteriorly  into  the 
cornua.  The  inferior  aspect  of  the  whole  gular  portion  is  strongly  convex  and 
distinctly  impressed  by  the  intergular  suture.  The  extremely  elongated  epiplastron 
indicates  that  the  whole  plastron  was  long  in  proportion  to  the  carapace,  as  in 
Manouria  emys. 

None  of  the  gigantic  recent  land-tortoises  have  an  epiplastron  at  all  approaching 
that  of  the  fossil ; the  gular  portion  of  the  epiplastron  in  Testudo  elephantina  and  its 
allies®  being  very  small  and  entirely  in  advance  of  the  postgulars;  and  the  intervening 
suture  forming  almost  a straight  line.  No  recent  tortoise  has  the  inferior  keel  of 
the  fossil. 

In  the  two  large  British  Museum  specimens  of  the  epiplastron  of  the  Siwalik 
fossil  the  thickness  of  the  gular  jDortion  at  its  contracted  juction  with  the  postgular 
is  6'5,  and  its  width  8'0  inches ; while  in  the  smaller  Calcutta  specimen  (Indian 

1 ‘ Journ.  As.  Soc.  Beng.’  vol.  XLIX.  pt.  II.  p.  16.  (1880). 

2 Vide  Gray,  “ Catalogue  of  Shield-Eeptiles,”  pt.  I.  pi.  III.  [M.fiisca). 

3 Gunther,  “ Gigantic  Land-Tortoises,”  pis.  IV.  VI.  VII. 


SIWALIK  AND  NARBADA  CHELONIA. 


5—159 


Museum,  No.  E 76)  the  corresponding-  dimensions  are  5’1  and  6-5  inches.  The 
interval  between  the  cornua  in  the  larger  specimens  is  about  19,  and  in  the  small 
Indian  Museum  specimen  14  inches ; the  latter  specimen  therefore  indicates  an 
animal  about  one-fourth  smaller  than  the  larger  specimens.  These  smaller  but 
apparently  adult  individuals  may  perhaps  have  been  females.^ 

Xiphiplastron. — There  is  a fine  specimen  of  the  posterior  portion  of  the 
xiphiplastron  of  this  species  from  the  Siwalik  Hills  in  the  Cautley  collection  of  the 
British  Museum  (No.  40629),  whicli  is  figured  of  one-sixth  the  natural  size  from  the 
dorsal  aspect  in  vol.  I.  pi.  XXX.  fig.  2 of  “ Falconer’s  Paheontological  Memoirs.” 
The  specimen  terminates  posteriorly  in  two  very  distinct  cornua,  separated  by  a 
deep  notch  shaped  like  a segment  of  a suboval.  Near  its  line  of  fracture  there  is 
seen  the  impression  formed  by  the  anterior  border  of  the  anal  plates,  and  the 
slight  notch  on  the  right  side  of  the  figure  corresponds  to  the  notch  occurring  in  the 
existing  Testudo  elongata  at  the  point  where  the  suture  between  the  postabdominal 
and  anal  plates  reaches  the  margin  of  the  xiphiplastron.  The  form  of  this  j^ortion 
of  the  shell  is  very  like  that  occurring  in  the  existing  T.  elongata  and  Manouria  emys ; 
and  therefore  confirms  the  conclusion  drawn  from  the  epiplastron  as  to  the  relative 
length  of  the  plastron.  The  interval  between  the  two  cornua  of  the  fossil 
xiphiplastron  is  about  22  inches.  Taking  this  as  a modulus  and  comparing  it  with 
the  dimensions  of  a male  T.  elongata  in  which  the  corresponding  interval  measures 
2-4  inches  and  the  length  of  the  carapace  is  8-2  inches,  the  calculated  length  of  the 
complete  fossil  carapace  of  the  largest  individuals  would  be  about  8 feet  in  a straight 
line ; the  corresponding  length  of  the  smaller  (female  ?)  specimens  being  about  6 feet. 

Carapace. — The  British  Museum  possesses  a large  series  of  fragments  of  the 
carapace,  from  which,  together  with  the  portions  of  the  plastron  already  noticed,  a 
restoration  in  plaster  of  the  entire  shell  was  made  under  Falconer’s  superintendence, 
and  is  now  exhibited  in  the  Reptile  Gallery.  One  fragment  (No.  R 326)  consists  of 
the  posterior  extremity  .of  the  carapace,  and  shows  that  the  pygal  plates  are  not 
united,  as  in  the  existing  Manouria  enigs  : this  specimen  (which  probably  belonged  to 
a male  animal)  also  shows  that  the  pygal  and  adjacent  marginal  scutes  are  incurved 
inferiorly  and  situated  nearly  vertically,  as  in  the  males  of  Testudo  elongata.^  and  still 
more  markedly  in  Manouria  emys ; so  that  when  the  shell  is  viewed  directly  from 
above  very  little  of  the  pygal  plates  is  visible.  In  other  parts  Falconer’s  restoration 
follows  the  lines  of  a typical  land-tortoise,^  with  the  exception  that  there  is  no  nuchal 
plate;  the  original  specimen  giving  the  authority  for  the  latter  feature  being 
unfortunately  not  forthcoming.  The  length  in  a straight  line  of  the  restored 
carapace  is  8 feet  4 inches,  and  its  height  3 feet  5 inches  ; the  length  of  the  plastron 

1 The  suggestion  that  another  type  of  epiplastron  belongs  to  this  species  Avill  be  discussed  under  the  head  of  the  next 
form. 

2 In  their  first  notice  Falconer  and  Cautley  {vide  “Palaeontological  Memoirs,”  vol.  I.  p.  362)  considered  that  some 
portion  of  the  shell  was  cartilaginous,  but  this  view  seems  to  have  been  subsequently  abandoned.  From  the  evidence  of  the 
marginal  scute  noticed  below  under  the  name  of  Oaioileya  annuliger  it  is,  however,  not  improbable  that  the  sutures  between 
some  of  the  scutes  in  this  or  other  Siwalik  land -tortoises  may  have  been  cartilaginous. 
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measured  between  the  bases  of  the  epi-  and  xiphiplastral  forks  being  6 feet  2 inchesd 
As  these  dimensions  accord  very  closely  with  those  deduced  from  the  proportions  of 
the  xiphiplastron  and  humerus,^  they  may  be  regarded  as  approximately  correct. 
There  are  unfortunately  no  means  of  determining  whether  the  pectoral  plates  of  the 
male  were  separated  by  an  interval,  as  in  the  males  of  Manouria  emys. 

Humerus. — In  the  Cautley  collection  of  the  British  Museum  there  is  the  proximal 
half  of  the  right  humerus  of  a gigantic  tortoise  from  the  Siwaliks  referred  to  the 
present  species  by  Falconer,®  and  figured  from  the  preaxial  aspeeP  in  plate  XIX. 
fig.  2.  of  this  volume,  of  one-fifth  the  natural  size.  Falconer®  considered  this 
specimen  as  comprising  slightly  less  than  half  the  complete  bone,  and  such  appears 
to  be  nearly  the  case.  The  length  of  the  fragment  is  14*4  inches;  the  larger 
diameter  of  the  head  being  5T,  and  the  smaller  4’5  inches.  The  shaft  is  more 
contracted  tlian  the  humerus  of  T.  elephantina^ ; and  agrees  more  nearly  with  that  of 
the  Galapagos  T.  elepliantopu^ ; from  which  bone  the  lower  half  of  the  figure  is 
restored.  The  length  of  the  recent  bone  is  8 ’4  inches ; the  longer  diameter  of  the 
head  Do 6,  and  the  shorter  1-45.  Taking  the  former  as  a modulus  the  calculated 
length  of  the  fossil  bone  would  be  about  28  inches  (2  feet  4 inches) : this  is  equal  to 
twice  the  length  of  the  fragment  (which  was  considered  to  be  nearly  half  the  bone), 
and  is  therefore  probably  not  far  from  correct.  Falconer®  estimated  its  length  at 
from  28  to  30  inches.  In  T.  elepliantopus  the  length  of  the  carapace  is  slightly  more 
than  four  times  the  length  of  the  humerus ; and  in  T.  elephantina  rather  less  than 
four  times  the  same  length  (31  inches  and  8‘4  inches).  This  would  indicate  that  the 
length  of  the  carapace  of  the  largest  individuals  of  the  fossil  was  somewhat  short  of 
nine  feet : this  estimate  agreeing  sufficiently  well  with  that  derived  from  the 
xiphiplastron.  From  comparing  the  fossil  humerus  with  that  of  a small  emydine 
Falconer®  estimated  the  length  of  the  fossil  carapace  at  twelve  feet.  The  radial 
tuberosity  (b)  of  the  fossil  humerus  is  relatively  longer  transversely  than  in  T. 
elephantina,  and  apparently  agrees  closely  with  that  of  T.  elephantopus.  The  ulnar 
tuberosity  [a)  projects  far  above  the  level  of  the  head.  The  British  Museum  also 
possesses  a specimen  of  the  proximal  half  of  the  left  humerus  (No.  39820),  and  the 
head  of  a right  humerus  (No.  39820a) ; and  as  both  these  specimens  agree  in  size 
with  the  figured  specimen  they  probably  indicate  the  average  size  which  the  largest 
(?male)  individuals  of  the  species  attained.  The  distal  extremity  of  the  right 
humerus  of  a large  tortoise  from  the  Siwalik  Hills  in  the  British  Museum  (No.  39825) 
is  figured  in  plate  XXXI.  fig.  3.  of  the  first  volume  of  “ Falconer’s  Palseontological 

1 In  all  the  published  notices  hy  Falconer  and  Cautley  (vide  “Palseontological  Memoirs,”  vol.  I.  pp.  363,  374,  379)  the 
length  of  the  carapace  in  a straight  line  is  given  as  12  feet  3 inches,  or  12  feet  6 inches,  its  height  6 feet,  and  the  length  of 
the  plastron  9 feet  4 inches  : these  dimensions  being  generally  quoted  hy  subsequent  writers.  The  restored  shell  indicates 
that  Falconer  subsequently  abandoned  the  idea  of  the  animal  having  reached  such  enormous  dimensions. 

2 Vide  infra.  3 “ Palseontological  Memoirs,”  vol.  I.  p.  360. 

4 It  is  figured  in  plate  XXXI.  figs.  4.  5.  of  the  above  work,  but  misnamed  the  femur.  5 Op.  cit.,  p.  361. 

6 Gunther,  “ Gigantic  Land-Tortoises,”  pi.  XVI.  7 lUd,  pi.  LI.  figs.  A.  Ah 

3 Op.  cit.,  p.  381.  y Ibid,  p.  361. 
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Memoirs,”  and  may  not  improbably  be  referred  to  a smaller  individual  of  this  species, 
although  it  may  possibly  belong  to  one  of  the  generically  undetermined  species 
mentioned  below.  The  trochlear  portion  is  well  developed,  and  indicates  an  animal 
adapted  for  progression  on  land.  The  ectepicondylar  channel  is  not  distinctly 
observable.^ 

Other  hones. — Fi’agments  of  the  femur  and  several  of  the  foot-bones  are  preserved 
in  the  British  Museum.  The  proximal  extremity  of  the  former  is  figured  (as  a 
humerus)  in  vol.  I.  pi.  XXXI.  fig.  2.  of  “Falconer’s  Palaeontological  Memoirs”; 
and  a terminal  phalangeal  is  figured  in  pi.  XXX.  figs.  3.  4.  5.  of  the  same  volume. 
The  Museum  also  possesses  the  centrum  of  a vertebra.  The  foot-bones  are  like  those 
of  the  large  recent  species  of  Testudo. 

Cranium  'provisionally  referred  to  this  species. — FalconeF  estimated  the  length  of 
the  cranium  of  this  species  at  upwards  of  2 feet,  but  judging  from  his  miscalculation 
in  the  size  of  the  carapace  this  length  may  be  safely  regarded  as  excessive.  The 
cranium  of  which  three  views  are  given  in  plate  XIX.  figs.  3.  3a.  3b.  was  obtained 
from  the  Siwalik  Hills,  and  is  now  in  the  Cautley  collection  of  the  British  Museum : 
it  is  also  figured  from  the  parietal  aspect  in  “ Falconer’s  Palseontological  Memoirs,” 
vol.  I.  pi.  XXXI.  fig.  1.  The  specimen  is  broken  off  posteriorly  close  behind  the 
quadrates,  and  has  lost  the  anterior  part  of  the  pref rentals,  but  is  in  other  respects 
fairly  perfect.  As  no  trace  of  sutures  can  be  detected,  it  may  be  inferred  that  it 
belonged  to  an  adult  individual ; and  its  general  form  and  structure  indicate  that  it 
belonged  to  a land-tortoise,  which  must  have  been  of  very  large  dimensions. 

In  general  contour  the  specimen  appears  to  agree  to  a considerable  extent  with 
the  skull  of  Manouria  emys  figured  by  Gray^ ; the  latter  apparently  having  a decidedly 
concave  palate  and  a broad  postorbital  bar,  which  are  characteristic  features  of  the 
fossil.  The  palatal  concavity  appears,  however,  less  deep  in  the  recent  skull,  and 
the  whole  skull  is  decidedly  narrower  than  the  fossil  specimen  ; while  frontal  region 
of  the  latter  is  more  elevated  in  front  of  the  orbit ; and  from  a character 
noted  below  it  is  probable  that  the  nasal  opening  was  directed  more  downwardly 
than  in  the  living  Indian  species. 

Compared  with  the  crania  of  recent  gigantic  land-tortoises  in  the  British 
Museum,  the  fossil  agrees  with  that  of  Testudo  ponderosa^  of  Aldabra  in  its  deeply 
concave  palate ; this  character  being  very  strongly  marked  in  that  species,®  but 
occurring  in  a lesser  degree  in  all  the  species  from  the  same  island,  which  are  thus 
distinguished  from  those  of  Mauritius,®  and  to  a smaller  extent  from  the  Rodriquez 
tortoise.’'  This  concavity  is  of  moderate  extent  in  the  Galapagos  tortoises.®  Both 

1 For  the  homology  of  this  channel  see  Dollo,  ‘ Bull.  Mus.  R.  Hist.  Nat.  Belg.,’  vol.  III.  p.  180  (1884). 

2 “ Palmontological  Memoirs,”  vol.  I.  p.  374. 

3 “ Supplement  to  Catalogue  of  Shield-Reptiles,”  pt.  1,  p.  7,  woodcut  fig  1 : the  specimen  is  figured  under  the  name  of 
Scapiafalcomri  ; but  it  really  belongs  to  Manourin  emys  ; vide  Theobald’s  “ Catalogue  of  the  Reptiles  of  British  India,”  p.  4. 
The  skull  is  now  in  Calcutta,  and  only  the  figure  is  therefore  available  for  comparison. 

4 Gunther’s  “ Gigantic  Land-Tortoises,”  pi.  VIII.  5 Ibid,])  36. 

•)  Ibid,  p.  44.  7 Ibid,  p.  55.  S Ibid,  p.  62.  ' 
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in  the  Siwalik  fossil  and  T.  ponderosa  the  impression  in  front  of  the  occipital  condyle 
is  wide,  shallow,  and  horse-slioe-shaped.  It  is  unfortunate  tliat  the  characteristic 
prefrontal  of  the  fossil  is  broken  ; hut  enough  remains  to  indicate  that  the  nasal 
opening  was  probably  higher  than  wide,  and  that  the  front  margin  of  the  premaxillm 
projected  so  far  in  advance  of  the  prefrontals  as  to  cause  the  nasal  opening  to  slope 
downwards  as  in  the  Aldabra  tortoises ; the  upper  surface  of  the  premaxillse  being 
highly  inclined  as  in  those  forms,  instead  of  nearly  horizontal  as  in  the  other  recent 
gigantic  forms.  The  orbit  is  jjlaced  relatively  low  down  in  the  fossil,  and  there  is  a 
rudiment  of  a frontal  convexity  ; although  this  makes  no  approach  to  that  obtaining 
in  the'  Aldabra  forms.  The  postorbital  bar  of  the  latter  is  much  narrower  than  in 
the  Siwalik  specimen.  In  the  general  contour  of  tlie  palatal  aspect  the  fossil  is  very 
like  that  of  T.  ponderosa^^  and  narrower  than  T.  elephantinad  The  following  table 
shows  the  dimensions  of  the  fossil  and  the  male  crania  of  T.  ponderosa  and  T. 
elephantina  figured  by  Dr.  GiintheP : — 

T.  ponderosa.  T.  elephantina.  Fossil. 

Length  from  hinder  border  of  quadrate  to  extremity  of  premaxilla  3'0  41  6'8 

Interval  between  external  surfaces  of  the  quadrates  . . . 2'8  3-9  6'3 

The  cranium  of  T.  elephantina  measures  5 '5  inches  from  the  occipital  condyle  to  the 
premaxilla,  and  the  corresponding  length  of  the  fossil  would  be  9T  inches.  As 
another  male  cranium  of  T.  elephantina  has  a basal  length  of  6 inches,  the  fossil 
indicates  an  animal  just  one-and-a-half  times  the  size  of  the  largest  males  of  the 
living  species ; and  as  the  carapace  of  the  largest  male  of  that  species  measures 
4 feet  1 inch  in  a straight  line,^  the  calculated  length  of  the  carapace  of  the  individual 
to  which  the  fossil  cranium  belonged  would  be  6 feet ; — or  identical  with  the  size 
calculated  for  the  smaller  (?  female)  form  of  the  present  species  from  the  size  of  the 
smaller  e|)iplastron.  There  is  therefore  no  reason  as  regards  size  why  the  present 
specimen  should  not  have  belonged  to  a female  of  the  species  under  consideration, 
although  it  cannot  be  affirmed  that  it  may  not  have  belonged  to  the  species  next 
described.  It  is  probably  too  large  to  have  belonged  to  either  of  the  Punjab  species 
of  large  tortoises  described  below,  whose  remains  are  not  recorded  from  the  Siwalik 
Hills.  The  calculated  basal  length  of  the  cranium  of  the  larger  individuals  of  the 
present  species  would  be  twice  the  size  of  the  cranium  of  T.  elephantina^  or  12  inches. 

Affinities. — The  foregoing  observations  indicate  that  the  present  species  was  a 
land-tortoise  distinguished  from  all  living  forms  except  the  Oriental  Manouria  emys 
by  the  non-union  of  the  pygal  plates.  Assuming  the  right  of  that  species  to  generic 
distinction,'"  it  will  be  evident  that  the  present  form  cannot  be  referred  to  Testudo ; 
and  since  the  relations  of  the  pectoral  plates  of  the  males  of  the  Siwalik  species  to 
one  another  are  unknown,  and  the  structure  of  the  epiplastron  is  so  very  different 
from  that  of  Manouria  e^nys,  it  seems  inadvisable  to  refer  the  fossil  species  to  that 

1 “ Gigantic  Land-Tortoises,”  pis.  VIII.,  IX.  2 Ibid,  pi.  IX. 

3 Ibid,  pi.  VIII.  4 Ibid,  p.  25. 

5 The  generic  characters  of  Manouria  are  the  separation  of  the  pectoral  plates  of  the  male,  the  non-union  of  the  pygals, 
and  the  partially  webbed  character  of  the  hind  feet ; the  latter  character  indicating  subaquatic  habits. 
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genus,  and  accordingly,  at  least  as  a provisional  measure,  tlie  name  Colossochelys  is 
retained.  Whether  the  non-union  of  the  pygals  indicates  that  Colossochelys  participated 
in  the  subaquatic  habits  of  Manouria  cannot  be  determined.  In  the  form  of  the 
epiplastron  G.  atlas  differs  very  widely  from  the  Aldabra  and  other  recent  gigantic 
land-tortoises,  and  apparently  comes  nearest  to  Manouria  emys  and  perhaps  the 
Madagascar  Testudo  radiata ; although  in  both  cases  the  resemblance  is  a remote  one. 
The  xiphiplastron  most  resembles  the  corresponding  part  of  Manouria  emys  and 
Testudo  horsfieldi^  and  differs  from  all  the  gigantic  recent  tortoises.  The  cranium 
provisionally  referred  to  this  species  seems  to  indicate  a form  intermediate  between 
Manouria  emys  and  the  gigantic  tortoises  of  Aldabra.  In  size  the  largest  individuals 
of  C.  atlas  were  about  double  the  size  of  the  largest  males  of  T.  elephantina ; while 
the  smaller  (?  female)  individuals  were  about  one-half  larger  than  the  males  of  the 
latter,  or  about  double  the  size  of  the  females. 

Some  features  in  the  structure  of  the  present  species  suggest  a few  considerations 
of  a somewhat  wider  import.  In  the  first  place  the  non-union  of  the  pygal  plates 
in  this  pliocene  form,  as  well  as  the  occurrence  of  the  same  feature  in  all  the  emydine 
tortoises,  which  are  very  probably  the  older  forms,  may  suggest  that  the  union  of 
these  plates  in  all  recent  land-tortoises,  except  Manouria  emys,  is  a specialized 
character  of  late  origin ; in  which  case  the  last-named  species  will  be  the  solitary 
survivor  of  a very  ancient  type — this  being  borne  out  by  its  subaquatic  habits  and 
wide  distribution. 

With  regard  to  the  epiplastron,  there  can  be  little  or  no  doubt  but  that  the  form 
which  the  gular  plates  present  in  Testudo  horsfieldi,  T.  grceca,  and  numerous  other 
species,  is  the  most  generalized,  since  it  obtains  in  the  majority  of  the  emydine 
tortoises.  In  the  prolongation  of  the  gulars  in  front  of  the  postgulars,  with  the 
retention  of  the  V-shaped  sutures  between  the  two,  the  epiplastron  of  Colossochelys 
atlas  and  the  other  Siwalik  species  described  below  is  evidently  an  advance  on  this 
generalized  form.  The  next  step  is  the  epiplastron  of  Manouria  emys,  where  the 
suture  between  the  gulars  and  postgulars  forms  a very  obtuse  angle,  and  the  former 
are  almost  entirely  in  advance  of  the  latter ; and  from  this  to  the  epiplastra  of  the 
Aldabra  Testudo  elephantina  and  T.  ponderosa  is  but  one  step  more,  where  the  gulars 
are  very  small,  and  the  suture  dividing  them  from  the  postgulars  forms  almost  a 
straight  line. 

Bearing  in  mind  this  relation  and  taking  into  consideration  the  intermediate 
character  of  the  cranium  described  above  and  provisionally  referred  to  Colossochelys 
atlas  between  the  crania  of  Testudo  ponderosa  and  Manouria-  emys,  it  appears  not 
improbable  that  the  Aldabra  tortoises  are  a branch  which  having  taken  origin  from  the 
old  Indian  stock  of  gigantic  land-tortoises,^  has  developed  very  highly  specialized 
characters  in  the  cranium  and  plastron,  and  in  common  with  other  recent  tortoises, 
has  lost  the  divided  pygals  characteristic  of  at  least  one  of  the  older  Indian  forms. 

1 Vide  infra.  The  extreme  specialization  of  the  epiplastron  of  Colossochelys  atlas  probably  indicates  that  this  species 
forms  a separate  divergent  branch. 
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What  advantage  to  their  owners  has  been  the  union  of  the  pygals  in  nearly  all 
land-tortoises,  and  how  the  advanced  position  and  small  size  of  the  gular  plates  in 
the  highly  specialized  Aldabra  tortoises  have  helped  them  in  the  fight  for  supremacy, 
are  questions  which  the  writer  cannot  attempt  to  answer. 

Distribution. — Remains  of  this  species  have  been  obtained  from  the  typical 
Siwalik  Hills,  and  FalconeP  refers  to  it  certain  fragments  of  the  shells  of  large 
tortoises  from  the  Siwaliks  of  Burma  and  Perim  Island.  It  has  not  been  found  in 
the  Siwaliks  of  the  Punjab,  the  lower  Siwaliks  of  Sind,  or  the  Narbadas. 

At  the  conclusion  of  their  most  important  memoir  on  this  species  Falconer  and 
Cautley^  observed  “ that  there  are  fair  grounds  for  entertaining  the  belief  as  probable 
that  the  Oolossochelys  atlas  may  have  lived  down  to  an  early  period  of  the  human 
epoch  and  become  extinct  since  : — 1st.  From  the  fact  that  other  chelonian  species 
and  crocodiles,  contemporaries  of  the  Oolossochelys  in  the  Siwalik  fauna,  have 
survived.  2nd.  From  the  indications  of  mythology  in  regard  to  a gigantic  species 
of  tortoise  in  India.”  Very  little  weight  can  be  attached  to  any  argument  drawn 
from  the  first  point ; and  against  it  there  is  the  circumstance  that  no  remains  of  the 
species  have  been  obtained  from  the  pleistocene  Narbadas,  although  this  absence 
may  be  explained  by  a restricted  range  in  space.  The  distribution  of  gigantic 
tortoises  in  the  recent  and  pleistocene  epochs  affords,  moreover,  another  argument 
against  Falconer’s  view,  since  all  of  them  are  found  in  islands  where  large  mammals 
are  entirely  absent^ ; and  it  would,  therefore,  seem  that  these  reptiles  (which,  from 
their  distribution  in  time  and  space,  evidently  belong  to  an  old  group'*),  although 
they  originally  existed  on  the  continents  and  for  a time  lived  side  by  side  with  the 
larger  mammals,®  were  eventually  ousted  by  the  latter,  and  only  persisted  in  islands 
where  they  were  not  subject  to  such  rivalry.  Now  the  remains  of  Oolossochelys  atlas 
(as  well  as  those  of  the  somewhat  smaller  contemporary  forms  noticed  below)  are 
extremely  rare  as  compared  with  the  bones  of  elephants  (and  from  the  size  and 
solidity  of  the  epiplastron  this  part  at  least  ought  to  be  very  frequently  preserved), 
and  it  would  thus  appear  that  the  species  was  one  in  course  of  extirpation  by  the 
struggle  with  the  large  Siwalik  ma,mmals,  and  it  is  therefore  improbable  that  it 
persisted  down  to  the  human  period. 

With  regard  to  the  argument  derived  from  mythology.  Falconer  and  Cautley® 
base  their  conclusions  on  the  improbability  of  the  existing  tortoises  of  India  leading 
to  the  conception  of  an  animal  capable  of  supporting  the  world,  or  of  holding  its 
own  in  combat  with  an  elephant.  In  the  second  of  the  two  legends  it  is  stated  that 

1 “ Catalogue  of  Fossil  Vertebrata  in  Mus.  As.  Soc.  Bengal,”  pp.  32,  203  (1859). 

2 ‘‘  Paleontological  Memoirs,’’  vol.  I.,  p.  369. 

3 A small  elephant  and  hippopotamus  existed  with  the  gigantic  Maltese  tortoise. 

4 Vide  Wallace,  “ Geographical  Distribution  of  Animals,”  vol.  I.,  p.  289  (1876). 

5 The  gigantic  pliocene  land-tortoise  of  Mont  Leberon,  Vaucluse  {vide  Gaudry,  “ Animaux  Fossiles  du  Mont  Leberon,” 
p.  70  [1873]),  coexisted  with  a large  mammalian  fauna. 

3 Op.  cit.,  pp.  367-8. 
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both  the  elephant  and  the  tortoise  are  carried  off  by  a bird,  in  which  Falconer  and 
Cautley  recognize  the  Indian  Leptoptiliis  ar gala,  and  it  hardly  requires  a much  greater 
stretch  of  imagination  to  raise  this  bird  to  the  required  dimensions  than  to  elevate 
the  existing  Indian  Manouria  emgs  (which  attains  a length  of  20  inches)  into  an 
animal  of  the  bulk  of  an  elephant. 

• 

Genus  : non.  del. 

The  imperfect  remains  on  which  the  following  species  are  founded  do  not  admit 
of  generic  determination,  although  they  are  of  considerable  interest  as  indicating  the 
great  development  wliich  the  group  of  gigantic  land-tortoises  attained  in  the  pliocene 
of  India. 

Species  1. 

(About  one-hal^  larger  than  Testudo  elephantina.) 

History. — In  1859  FalconeF  noticed  the  epiplastron  of  a large  land-tortoise 
from  the  Siwalik  Hills  in  the  collection  of  the  Asiatic  Society  of  Bengal,  and 
remarked  that  it  was  either  specifically  or  sexually  distinct  from  the  type  epiplastron 
of  the  preceding  species.  This  specimen  forms  the  subject  of  the  present  notice. 

Epiplastron. — The  specimen  above-mentioned  is  figured  of  one-third  the  natural 
size  in  plate  XVIII.  fig.  4.  from  the  ventral  aspect.  It  comprehends  the  anterior 
portion  of  the  epiplastron,  sliowing  nearly  the  whole  of  the  space  occupied  by  the 
gulars,  and  part  of  that  by  the  postgulars.  The  anterior  extremity  is  somewhat 
damaged,  and  when  complete  probably  showed  a slight  bifurcation.  Both  the  dorsal 
and  ventral  surfaces  are  convex  along  the  median  line.  The  sutures  bounding  the 
gular  plates  form  an  acute  angle,  and  the  portion  of  the  bone  in  front  of  the  anterior 
termination  of  these  sutures,  evidently  projected  in  advance  of  the  rim  of  the  body 
of  the  plastron  : the  impressions  formed  by  the  sutures  between  the  gulars  and  post- 
gulars are  comparatively  shallow.  There  is  no  trace  of  the  inferior  keel  so 
characteristic  of  the  epiplastron  of  Colossochelys  atlas ; and  the  bone  is  of  medium 
thickness.  As  the  specimen  indicates  an  animal  about  the  size  of  the  smaller 
individuals  of  the  latter  species,  the  length  of  the  carapace  was  probably  about 
6 feet  in  a straight  line. 

Distinctness  and  affinities. — The  present  specimen  indicates  a tortoise  with  an 
epiplastron  about  intermediate  in  character  between  that  of  Colossochelys  atlas  on  the 
one  hand  and  Manouria  eniys  on  the  other,  the  production  of  the  gular  portion  in 
advance  of  the  postgular  distinguishing  it  from  Testudo  liorsfieldi  and  its  allies ; while 
it  is  widely  distinguished  from  the  gigantic  tortoises  of  the  Aldabra  group  by  the  acute 
angle  formed  by  the  suture  between  the  gulars  and  postgulars,  as  well  as  by  its 
greatly  superior  size.  The  specimen  is  so  different  from  the  epiplastron  of 
Colossochelys  atlas  that  in  the  absence  of  any  such  difference  in  the  two  sexes  of 
recent  tortoises,  as  well  as  from  the  circumstance  that  the  female  of  that  species  is 

1 “ Catalogue  of  Fossil  Vertebrata  in  Mus.  of  the  As.  Soe.  Beng.,”  p.  170,  No.  673  (1859). 
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probably  indicated  by  the  small  epiplastron  described  above,  there  seems  every 
probability  of  its  indicating  a second  gigantic  species  of  land-tortoise  from  the 
Siwalik  Hills. 

In  the  absence  of  other  remains  it  is  impossible  to  arrive  at  any  satisfactory 
conclusion  as  to  the  generic  position  of  the  present  form  ; but  the  probability  is  that 
the  specimen  indicates  a species  allied  to  Cohssoehelys  and  Manouria,  and  future 
discoveries  may  perhaps  show  that  it  will  eventually  be  necessary  to  unite  the  two 
genera. 

Species  2. 

(?  Gautleya  annuliger,  Theobald.^) 

(About  one-fourth  larger  than  Testudo  elephantina.) 

History. — The  existence  of  this  third  gigantic  species  of  Siwalik  land-tortoise 
was  indicated  by  the  present  writer  in  1880^  upon  the  evidence  of  the  epiplastron 
noticed  below. 

Epiplastron.- — The  broken  anterior  extremity  of  the  plastron  represented  of  one- 
third  the  natural  size  in  plate  XVIII.  tigs.  3.  3a.  from  the  dorsal  and  ventral  aspects 
was  collected  by  Mr.  Theobald  in  1879  from  the  Siwaliks  of  the  Punjab : it 
comprises  the  greater  part  of  the  epiplastron,  broken  on  the  left  side,  and  corroded 
ventrally.  On  the  latter  aspect  the  greater  part  of  the  intergular  suture,  and  also 
the  one  between  the  gulars  and  postgulars,  are  preserved,  and  serve  to  indicate  the 
form  of  the  gular  plates. 

From  its  general  resemblance  to  the  corresponding  portion  of  the  plastron  of 
Colossochelys  atlas  and  the  specimen  represented  in  figure  4 of  the  same  plate  the 
fragment  under  consideration  pretty  evidently  belonged  to  a large  tortoise  allied  to 
the  two  preceding  species.  It  indicates  an  animal  considerably  smaller  than  that  to 
which  the  specimen  represented  in  fig.  4 belonged,  which  was  perhaps  about  one- 
fourth  larger  than  the  recent  Testudo  elephantina.  The  free  extremity  is  bifurcate, 
but  to  a considerably  smaller  extent  than  in  Colossochelys  atlas]  probably  resembling 
in  this  respect  the  specimen  represented  in  fig.  4.  The  dorsal  surface  (fig.  3)  is 
extremely  convex;  differing  in  this  respect,  as  well  as  by  the  curvature  of  this 
surface  towards  the  free  extremities,  from  the  latter.  The  ventral  surface  (fig. 
3a)  has  not  the  strongly  marked  keel  of  C.  atlas,  but  the  gular  portion  is 
distinctly  raised  above  the  postgular,  from  which  it  is  separated  by  a very  deep  channel ; 
a similar  channel  dividing  the  two  gular  areas.  The  form  of  the  ventral  surface 
is  therefore  about  intermediate  between  that  of  C.  atlas  and  the  specimen  represented 
in  fig.  4,  in  which  the  gular  portion  is  not  raised  above  the  postgular,  and  the 
sutures  do  not  form  deep  channels.  The  suture  between  the  gulars  and  postgulars 
forms  an  acute  angle,  as  in  C.  atlas,  the  specimen  represented  in  fig.  4,  and  Testudo 
horsfieldi,  etc.;  the  corresponding  suture  in  Manouria  emys  forming  an  obtuse  angle. 


1 ‘ Ecc.  Geol.  Surv.  Ind.,’  vol.  XII.  p.  186  (1879). 


2 ‘ Journ.  As.  Soc.  Beug.,’  toI.  XLIX.  pt.  II.  p.  16. 
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The  production  of  the  gular  far  in  advance  of  the  postgular  portion  is,  however,  a 
character  of  the  last-named  sjDecies.  The  length  of  the  upper  thickened  portion  to 
the  commencement  of  the  bifurcation  is  6-3  inches ; the  vertical  thickness  posteriorly 
being  4*2  inches. 

Distinctness  and  affinities. — The  specimen  indicates  beyond  reasonable  doubt  the 
specific  distinctness  of  the  form  to  which  it  belonged  both  from  C.  atlas'-  (of  which 
no  specimens  occur  in  the  region  whence  the  fossil  was  obtained)  and  the  species  to 
which  the  specimen  represented  in  pi.  XVIII.  fig.  4.  pertained.  The  present  form  is 
very  considerably  larger  than  any  of  the  recent  gigantic  land-tortoises,  none  of  which 
have  an  epiplastron  presenting  any  close  resemblance  to  the  specimen  under  considera- 
tion. The  writer  has  been  unable  to  identify  the  latter  with  any  described  species  of 
Testiido,  and  as  in  his  opinion  it  affords  good  evidence  of  a very  distinct  species  of 
gigantic  land-tortoise,  he  considers  that  it  indicates  a new  species,  but  for  reasons 
mentioned  below  it  is  considered  inadvisable  to  give  it  a specific  name.  Until  the 
union  or  non-union  of  the  pygal  plates  be  known  it  cannot  be  determined  how  close 
is  its  affinity  with  G.  atlas  and  M.  emys,  but  the  approach  made  in  the  structure  of 
the  epiplastron  to  that  .of  both  those  forms  indicates  the  probability  of  the  three 
belonging  to  an  allied  group. 

Cautleya  annuligee,  Theobald.^ — In  the  passage  cited  Mr.  Theobald  has  described 
and  figured  a free  marginal  scute  of  a large  tortoise  from  the  Siwaliks  of  Nila,  in 
the  Rawal-Pindi  district  of  the  Punjab,  under  the  name  of  Cautleya  annuliger.  The 
specimen  appears  to  be  the  last  marginal  of  the  right  side  (the  one  in  contact  with 
the  pygal  scute),  and  it  agrees  exactly  in  form  with  the  corresponding  scute  of 
Testudo  groica.  The  peculiarity  of  this  specimen  consists  in  the  circumstance  that  its 
union  with  the  last  costal  and  vertebral  scutes  is  a cartilaginous  one® ; from  which 
Mr.  Theobald  is  inclined  to  infer  that  the  union  of  the  whole  of  the  marginal  series 
of  scutes  with  the  costals  was  a cartilaginous  one,  and  further  that  the  species  was  a 
purely  aquatic  emydine.  The  evidence  at  our  disposal  only  shows  the  cartilaginous 
union  of  the  hinder  free  marginals,  and  as  the  specimen  indicates  an  animal  agreeing 
exactly  in  size  with  the  epiplastron  described  above,  and  as  there  is  no  evidence  of  the 
existence  of  a true  emydine  of  equal  dimensions  in  the  Siwaliks,  it  appears  highly 
probable  that  the  specimen  belongs  to  the  present  form.  If  that  be  the  case  the 
specific  name  of  this  form  will  be  annuliger  ; and  since  the  peculiar  union  of  the  hinder 
marginals  probably  indicates  generic  distinctness  the  name  Cautleya  may  also  be 
retained ; although  the  inexpedience  of  forming  a species,  and  still  less  a genus, 
upon  a specimen  like  the  present  has  been  already  noticed  in  the  Introduction, 
where  it  was  shown  that  unless  all  the  species  of  large  Siwalik  tortoises  are  founded 
upon  homologous  parts  of  the  carapace  there  is  practically  no  limit  to  the  number  of 
so-called  species  that  may  be  based  upon  the  remains  of  a few  forms. 

1 The  great  difEerence  in  the  form  of  the  specimens  lends  no  countenance  to  the  idea  that  the  present  specimen  may 
belong  to  a young  individual  of  C.  atlas. 

2 ‘ Eec.  Geol.  Surv.  Ind.,”  vol.  XII.  p.  186,  and  plate  (1879). 

8 This  surface  is  the  one  above  a in  figure  1 of  Mr.  Theobald’s  plate,  which  shows  the  concave  outer  surface  of  the  bone. 
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If  the  two  specimens  noticed  above  be  specifically  the  same,  and  Mr.  Theobald 
be  right  in  regarding  the  second  one  as  indicating  an  animal  witli  aquatic  habits,  it 
may  be  that  the  present  species  was  a tortoise  allied  to  Colossochelys  atlas  and  Manouria 
emys^  having  the  subaquatic  habits  of  the  latter  species  still  more  strongly  developed, 
and  thus  pointing  to  the  origin  of  the  whole  group  from  an  earlier  purely  aquatic  form. 

I ‘ 

Species  3. 

(About  one-fourth  larger  than  T.  elepJiantina.) 

Epiplastron. — The  evidence  of  the  existence  of  a fourth  species  of  gigantic 
land-tortoise  in  the  Siwaliks  is  afforded  by  the  anterior  portion  of  an  epiplastron 
represented  of  one-third  the  natural  size  in  pi.  XVIII.  fig.  2,  which  was  collected  by 
Mr.  Theobald  in  the  Siwaliks  of  the  Punjab.  The  specimen,  of  which  the  dorsal 
aspect  is  represented  in  the  figure,  is  in  a much  damaged  condition,  and  does  not 
exhibit  the  boundaries  of  the  horny  plates  : it  indicates  an  animal  perhaps  slightly 
larger  than  the  preceding  species.  In  general  contour  it  presents  a considerable 
resemblance  to  the  epiplastron  of  the  latter,  but  is  distinguished  by  its  relative 
shortness,  and  much  greater  thickness  ; the  length  of  the  dorsal  thickened  portion  to 
the  extremity  of  the  bifurcation  being  5 '6,  and  the  vertical  thickness  posteriorly 
something  over  5 inches  when  complete.  The  anterior  cornua  are  thicker,  more 
upwardly  recurved,  and  more  widely  separated  than  in  the  last  form. 

Distinctness  and  affinities. — The  differences  between  the  present  specimen  and  the 
epiplastron  of  the  last  form  are  so  marked  as  apparently  to  preclude  the  idea  that 
they  can  belong  to  different  sexes  of  the  same  species  ] and  the  observations  recorded 
as  to  the  specific  distinctness  of  the  latter  will  be  equally  applicable  to  the  present 
form.  The  imperfect  nature  of  the  specimen  under  consideration,  and  the  slight 
glimpse  it  affords  of  the  affinity  of  the  tortoise  to  which  it  pertained,  renders  it 
undesirable  that  it  should  receive  a specific  name  ; and  it  is  described  merely  to 
illustrate  the  great  development  which  the  present  group  attained  in  the  Siwalik 
period. 

Species  4. 

(Rather  smaller  than  Testudo  elephantina.) 

Histoip. — In  1879  Mr.  Theobald’^  referred  to  some  epiplastral  and  other  portions 
of  the  shell  of  a species  of  land-tortoise  obtained  by  himself  from  the  Siwaliks  near 
Nila  in  the  Punjab,  which  indicated  an  animal  considerably  exceeding  in  size  the 
existing  Manouria  eniys  : these  and  other  specimens  from  the  same  district  form  the 
subject  of  the  present  notice. 

Epiplastron. — Among  Mr.  Theobald’s  collection  are  the  detached  right  and  left 
epiplastral  scutes  evidently  belonging  to  different  individuals  of  the  same  species, 
and  pertaining  to  a land-tortoise : these  specimens  are  combined  and  figured  of  one- 
third  the  natural  size  in  pi.  XIX.  figs.  1.  la.;  and  show  the  entire  form  of  the  gular 

1 ‘ Eec.  Geol.  Surv.  Ind  vol.  XII.  p.  187. 
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plates.  In  addition  to  its  greater  inferior  size  this  form  of  epiplastron  is  distinguished 
from  that  of  the  four  preceding  types  by  the  absence  of  any  distinct  bifurcation  at 
the  free  extremity.  In  the  rectangular  termination  and  long  anterior  surface  this 
type  agrees  with  Testudo  horsfieldi  and  T.  elongata,  and  differs  from  Manouria  emys^ ; 
but  the  angle  formed  by  the  junction  of  the  sutures  separating  the  gular  and  post- 
gular  plates  is  rather  less  acute  than  in  the  two  former ; while  the  gular  portion  is 
produced  in  advance,  of  the  postgular,  as  in  M.  emys.  The  recent  Aldabra  tortoises 
are  distinguished  from  the  present  form  by  the  smaller  epiplastrals,  and  the  nearly 
straight  line  formed  by  the  sutures  between  the  gulars  and  postgulars^ ; while  the 
Mascarene  forms  are  still  more  widely  distinguished  by  the  union  of  the  gular  plates.^ 
In  the  figured  specimen  the  length  of  the  intergular  suture  is  about  3-5  inches,  and 
that  of  the  one  between  the  gulars  and  postgulars  3 inches:  the  corresponding 
dimensions  in  a male  of  Testudo  elongata,  in  which  the  length  of  the  carapace  is  9T 
inches,  being  TO  and  0’9  inches.  The  fossil  epiplastra  indicate,  therefore,  a carapace 
of  about  33  inches  in  length,  or  intermediate  between  the  males  and  -females  of  T. 
elephantinad  A pair  of  conjoint  epiplastra  from  the  Siwaliks  of  the  Punjab  in  the 
Indian  Museum  (No.  E 79)  indicate  a rather  smaller  individual  not  improbably 
belonging  to  the  same  species. 

Nuchal  scute. — The  greater  portion  of  the  nuchal  scute  of  a large  land-tortoise 
represented  of  one-third  the  natural  size  in  pi.  XIX.  fig.  4.  agrees  so  well  in  relative 
size  with  the  foregoing  specimens  that  it  not  improbably  belongs  to  the  same  species. 
It  has  a very  large  nuchal  plate,  which  is  widest  anteriorly  ; and  in  the  great  width  of 
this  plate  the  specimen  differs  from  T.  elongata  and  T.  horsfieldi.^  and  approaches 
Manouria  emys.  The  length  of  the  nuchal  plate  is  2*3,  and  its  width  anteriorly  2*0 
inches.  The  presence  of  the  nuchal  plate  differentiates  the  species  to  which  it 
belonged  from  the  recent  Mascarene  and  Galapagos  gigantic  tortoises.^ 

Xiphiplastron. — The  left  posterior  half  of  the  xiphiplastroiT  of  a land-tortoise 
.with  the  same  history  as  the  last  specimen,  may  from  its  size  be  not  improbably 
referred  to  the  same  species  as  the  epiplastra : it  shows  the  form  of  the  whole  of  the 
postabdominal  plate,  which  has  a length  of  9,  and  an  extreme  width  of  about  7 
inches.  The  specimen  is  much  curved,  and  apparently  agrees  to  a great  extent  with 
the  corresponding  portion  of  the  plastron  of  M.  emys  and  T.  horsfieldi'.  it  differs 
widely  from  T.  elongata.,  and  likewise  from  the  Aldabra  and  Mascarene  tortoises. 

Distinctness  and  afinities. — Apart  from  the  question  whether  all  the  specimens 
noticed  above  belong  to  the  same  species,  they  indicate  the  existence  of  a land- 
tortoise  of  inferior  size  to  T.  elephantina,  and  exhibiting  affinity  with  the  existing 
land-tortoises  of  India  and  Burma,  but  largely  exceeding  all  of  them  in  size.  The 
species  is  distinct  from  the  recent  Aldabra,  Mascarene,  and  Galapagos  tortoises,  and 
the  writer  has  been  unable  to  identify  it  with  any  described  fossil  form.  Its  nearest 

1 Vide  Gray,  “ Catalogue  of  Shield-Reptiles,”  pt.  I.  pi.  III. 

2 Fide  Giinther,  “ Gigantic  Land-Tortoises,”  pis.  IV.  VI.  VII.  3 p.  lo.  4 p.  25. 

5 Vide  Gunther,  op.  cit.,  p.  10.  tJ  Indian  Museum,  No.  E 83. 
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ally  on  tlie  whole  appears  to  he  Manouria  emijs^  hut  in  the  absence  of  an}^  evidence 
as  to  the  relations  of  the  pectoral  and  pygal  plates  it  is  impossible  to  refer  it  to  its 
proper  generic  position,  and  nothing  would  therefore  be  gained  by  giving  it  a 
distinct  specific  name. 

Family  II.  EMYDID^. 

Shell  sometimes  convex,  generally  more  or  less  depressed,  covered  with  horny 
plates  : feet  webbed,  and  adapted  for  swimming  : pygal  plates  not  united. 

Oenus  I.  CLEMMYS,  Wagler.' 

Including  Bellia,  Bamonia,  Geoclemmys,  and  Melanochehjs,  Gray. 

Carapace  and  plastron  united  by  a bony  suture,  and  no  transverse  joint  in  the 
latter ; 3rd  and  4th  vertebral  plates  connected  by  a broad  suture ; plastron  flat  in 
both  sexes. 

Unless  the  specimens  were  males  showing  their  characteristic  concave  sternum 
it  would  seem  very  frequently  impossible  in  the  fossil  condition  to  distinguish 
Geoemyda  from  the  present  genus  ; and  as  Mr.  Theobald^  is  inclined  to  regard 
Clemmys  trijuga  as  very  close  to  Geoemyda  it  is  probable  that  the  two  genera  are 
intimately  allied. 

The  term  Clemmys  corresponds  nearly  with  the  name  Emys  as  employed  by 
Gray  in  his  earlier  works  ; but  the  latter  name  is  now  applied  to  the  European  jiond- 
tortoise  (F.  europcea),  and  corresponds  to  Gray’s  Lutremys. 

Clemmys  is  found  over  a great  part  of  the  warmer  regions  of  the  habitable 
world  at  the  present  day  except  Australia ; and  it  is  probable  that  many  of  the 
European  and  N.  American  tertiary  em3ulines  described  under  the  name  of  Emys 
belong  to  it : these  range  at  least  down  to  the  eocene.’*  The  number  of  recent  and 
fossil  sjDecies  is  so  great  that  it  would  be  very  difficult  to  give  a correct  list. 

A.  No  heel  on  the  carapace  of  the  adult. 

Species  1.  Clemmys  sivalensis  (Theobald'*). 

Syn.  Bellia  sivalensis^  Theobald.® 

(Allied  to  Clemmys  crassicollis  [Bell]). 

History. — This  Siwalik  species  was  first  described  by  Mr.  Theobald  in  the 
passage  cited  upon  the  evidence  of  the  shell  noticed  below,  which  is  now  for  the  first 
time  figured. 

Type  shell. — The  type  shell,  which  was  obtained  by  Mr.  Theobald  from  the 
Siwaliks  to  the  south  of  the  village  of  Jhand  in  the  Punjab,  is  figured  in  plate  XX. 
figs.  1.  la.  lb.  of  one-half  the  natural  size;  and  shows  the  anterior  two-thirds  of 
the  shell,  as  far  back  as  the  hinder  edge  of  the  3rd  vertebral  plate.  It  has  suffered 

1 “ Syst.  Nat.  AmpHb.  etc  ” p 136  (1830).  2 “ Catalogue  of  the  Eeptiles  of  British  India,”  p.  5. 

3 Vide  Jjeidy,  “Extinct  Vertebrate  Fauna  of  the  Western  Territories,”  x>.  340  (1873). 

4 ‘ Kec.  Geol.  Surv.  Ind.’  vol.  X.  p.  44.  (1877).  litUia.  6 Loc.  cit. 
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somewhat  from  crushing,  but  not  to  such  an  extent  as  to  mar  the  general  contour. 
The  plastron  is  preserved,  but  is  crushed  into  the  carapace,  and  is  much  obscured  by 
matrix,  except  anteriorly  (fig,  lb)  : it  is  united  by  bone  with  the  carapace.  The 
sutures  between  the  bony  scutes  are  nearly  all  invisible,  which  indicates  that  the 
specimen  is  adult.  Mr.  Theobald’s  description  of  this  specimen  may  be  paraphrased 
as  follows  : — “ Shell  oblong-ovate,  depressed  ; very  flat  along  the  vertebral  region, 
and  without  the  trace  of  a keel ; sides  shelving ; [anterior]  margin  simple.  Nuchal 
plate  absent.  First  vertebral  plate  five-sided,  with  an  obtuse  angle  in  front ; anterior 
borders  straight,  lateral  concave,  posterior  sinuated : this  plate,  like  those  which 
follow,  is  notched  posteriorly  to  receive  a corresponding  projection  from  the 
succeeding  one.  Second  and  third  vertebrals  equal  and  similar,  mushroom-shaped 
and  six-sided : anterior  and  posterior  borders  equal;  the  former  convex,  the  latter 
concave.  First  costal  plate  large,  reaching  to  the  centre  of  the  fifth  marginal. 
Marginals  subequal,  the  first  being  the  largest.  When  perfect  the  shell  must  have 
been  close  on  nine  inches  long  and  six  broad. 

“ The  most  obvious  characters  of  this  species  are  the  great  flatness  of  the  top 
of  the  shell,  the  complete  absence  of  any  keel  or  nodosity,  and  the  peculiar 
mushroom-shaped  vertebrals.  The  latter  very  closely  resemble  those  of  Clemmys 
crassicollis  (Gray),  but  that  species,  at  present  not  known  to  range  north  of 
Tenasserim,  has  a small  nuchal  plate,  which  is  certainly  absent  in  the  fossil.  Still, 
however,  the  two  are  very  similar ; the  fossil  being  rather  larger  than  any  specimen 
of  the  living  species  that  I have  seen.”  There  are  no  traces  of  areolae  ; and  the 
anterior  marginals  are  of  considerable  antero-posterior  width : the  anterior  border  of 
the  plastron  has  an  even  contour. 


The  following  are  the  dimensions  of  the  more  important  plates  : — 


Length  of  1st  vertebral 

1-97 

Length  of  posterior  border  of  1st  costal 

2Uo 

Greatest  width  of  ditto 

1-65 

Antero-posterior  diameter  of  ditto 

2-83 

Length  of  posterior  border  of  ditto 

1-03 

Length  of  gular  . . . ; 

1-5 

Length  of  2nd  vertebral 

1-52 

Width  of  ditto  ..... 

0'84 

Width  of  ,,  ,,  ■ . . . 

1-97 

Length  of  gular  and  postgular 

1-7 

Length  of  posterior  border  of  ditto 

1-04 

The  height  of  the  carapace  is  2*6  inches,  the  width  being  about  6 inches. 

Second  specimen. — The  anterior  portion  of  the  shell  of  a somewhat  smaller  but 
apparently  adult  emydine  in  the  Indian  Museum  (No,  E 91),  collected  by  Mr. 
Theobald  in  the  Siwaliks  of  the  Punjab,  agrees  so  exactly  with  the  last  specimen 
that  it  may  be  safely  referred  to  the  same  species,  of  which  it  may  be  the  female. 
It  shows  the  anterior  part  of  the  carapace  as  far  back  as  the  middle  of  the  2nd 
vertebral,  and  the  plastron  as  far  back  as  the  hinder  part  of  the  a])dominal  plate. 
The  carapace  has  the  same  depressed  form  as  in  the  type,  with  the  shelving  sides, 
and  flattened,  keelless  vertebral  region.  There  is  no  nuchal  plate ; the  marginals  are 
relatively  wide,  and  the  1st  and  2nd  vertebrals  agree  precisely  in  form  with  those  of 
the  type  ; the  gulars  are  likewise  similar. 

Third  specimen. — A third  specimen  in  the  Indian  Museum  (No.  E 90),  also 
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collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab,  exhibits  the  nearly  complete 
shell  of  a small  (?  female)  individual,  but  unfortunately  with  the  exception  of  the 
anterior  marginals,  and  1st  and  5th  vertebrals,  the  boundaries  of  the  plates  are 
invisible.  The  shell  agrees  exactly  in  form  with  the  t3^pe  specimen,  exhibiting  very 
clearly  the  characteristic  flattened  and  keelless  vertebral  region.  The  width  is  4*8 
inches,  and  the  height  of  the  carapace  P9  inches.  The  5th  vertebral  is  of  moderate 
width  ; and  the  lateral  edges  of  the  carajDace  are  nearly  straight. 

Distinctness  and  affinities. — The  three  specimens  show  clearly  that  the  characters 
of  the  type  are  constant  ones.  Compared  with  the  large  series  of  shells  of  C. 
crassicollis  in  the  British  Museum,  the  fossil  form  differs  in  the  characters  mentioned 
by  Mr.  Theobald,  and  also  by  the  wider  posterior  border  of  the  1st  vertebral  plate. 
The  anterior  portion  of  the  plastron  (fig.  lb)  shows  more  marked  differences,  the 
gular  plates  being  relatively  longer,  their  posterior  extremity  forming  a more  acute 
angle,  and  the  suture  between  the  postgulars  being  only  J the  length  of  the  inter- 
gular  suture,  instead  of  about  -j,  as  in  C.  crassicollis.  These  differences,  especially 
the  absence  of  a nuchal  plate,  and  the  extremely  flattened  vertebral  region,  fully 
confirm  Mr.  Theobald’s  conclusions  as  to  the  distinctness  of  this  form  from  0. 
crassicollis.!  and  as  it  is  totally  different  from  any  other  species  known  to  the  writer  it 
may  rank  as  a distinct  species.  That  it  is  intimately  allied  to  C.  crassicollis  is  quite 
evident,  but  the  absence  of  the  nuchal  plate  may  render  it  doubtful  whether  it  can 
be  considered  as  the  direct  ancestor  of  that  species.  C.  crassicollis  occurs  in  India, 
Tenasserim,  the  Malay  Peninsula,  and  probably  in  Sumatra  and  Java. 

Species  2.  Clemmys  hydaspica,  n.  sp.  noUs. 

Shell. — The  evidence  for  the  existence  of  this  species  of  Clemmys  is  afforded  by 
a nearly  complete  shell  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Jhelam 
district  of  the  Punjab,  which  is  figured  of  one-half  the  natural  size  in  plate  XX. 
figs.  4.  4a.  The  specimen  has  lost  the  anterior  and  some  of  the  posterior  marginal 
scutes,  and  the  hinder  half  of  the  plastron,  but  is  otherwise  very  perfect,  and  totally 
unaffected  by  crush.  The  boundaries  of  all  the  costal  and  vertebral  plates,  with  the 
exception  of  the  4th  vertebra?  are  distinctly  defined ; and  some  of  those  of  the 
underlying  bony  scutes  are  also  visible : the  plastron  is  so  damaged  that  only  the 
form  of  the  gular  and  postgular  plates  can  be  traced.  As  the  plastron  is  united  by 
bone  with  the  carapace,  while  the  pygal  plates  are  separate,  and  the  general 
resemblance  of  the  vertebral  plates  to  those  of  the  last  species  is  very  close,  the 
specimen  may  be  referred  to  the  present  genus ; and  its  aflinities  may  be  indicated 
by  comparing  it  with  C.  sivalensis. 

From  that  species  the  present  form  is  at  once  distinguished  by  the  more  vaulted 
and  regularly  oval  carapace,  of  which  the  lateral  surfaces  are  highly  arcuated,  and 
the  sides  of  the  anterior  portion  instead  of  shelving  rapidly  are  full  and  convex ; 
the  vertebral  region  is  also  highly  convex,  having  no  trace  of  the  flatness  so 

1 This  is  restored  in  the  figure. 
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characteristic  of  C.  sivalensis.  The  difference  in  the  form  of  the  shells  is  indicated 
by  their  respective  dimensions  ; the  width  of  the  present  specimen  being  5T  inches, 
and  the  height  of  the  carapace  2’6  inches.  The  two  forms  agree  in  the  absence  of 
any  trace  of  either  vertebral  or  costal  keels,,  and  of  areolae.  In  profile  (fig.  4a)  the 
contour  of  the  carapace  of  the  present  form  is  very  similar  at  its  two  extremities. 

It  cannot,  unfortunately,  be  determined  whether  the  present  form  possessed  a 
nuchal  plate  : the  anterior  marginals  are  relatively  wide  antero-posteriorly.  The  1st 
vertebral  plate  closely  resembles  that  of  C.  sivalensis,  with  the  exception  that  its 
posterior  border  is  entire.  The  2nd  and  3rd  vertebrals  also  have  a strong  general 
resemblance  ; but  their  anterior  borders  in  place  of  being  sinuated  with  a median 
projection,  are  convex  and  continuous  with  the  anterior  lateral  borders,  so  that  these 
plates  become  more  ’’  balloon-shaped,’^  and  are  practically  three-sided  : their  posterior 
borders  are  entire.  The  5th  vertebral  is  extremely  wide ; its  inferior  border 
equaling  the  united  width  of  the  pygal  and  last  marginal  plates.  The  gular  and 
postgular  plates  are  apparently  very  similar  to  those  of  C.  sivalensis. 

Distinctness  and  affinities. — The  foregoing  comparisons  indicate  pretty  clearly  the 
specific  distinctness  of  the  present  form  from  G.  sivalensis^ ; but  the  resemblance  in 
the  shape  of  their  vertebral  plates  probably  indicates  their  affinity.  C.  crassicollis  is 
distinguished  from  the  present  form  by  its  more  depressed  carapace,  less  ‘ balloon- 
shaped ’ middle  vertebrals,  much  narrower  5th  vertebral,  shorter  gular  plates,  and 
the  straighter  lateral  edges  of  the  carapace.  Whether  the  two  agreed  in  possessing  a 
nuchal  plate,  and  in  having  serrated  posterior  marginals  cannot  be  determined  from 
the  present  specimen.  As  no  other  species  with  which  the  writer  is  acquainted^ 
presents  any  close  resemblance  to  it,  the  fossil  may  be  regarded  as  specifically 
distinct,  and  it  is  proposed  to  name  it  Clemnvjs  hydaspica,  from  the  classical  name  of 
the  river  Jhelam. 

The  writer  does  not  think  it  probable  that  C.  hydaspica  is  the  direct  ancestor  of 
G.  crassicollis,  but  in  connection  with  the  preceding  and  succeeding  species  it  indicates 
the  great  richness  in  forms  which  the  group  of  emydines  to  which  that  species 
belonged  attained  in  the  pliocene  of  India. 

Species  3.  Clemmys  theobaldi,  n.  sp.  nohis. 

Shell. — This  species  is  founded  on  the  shell  represented  of  one-half  the  natural 
size  in  plate  XX.  figs.  2.  2a.  2b.;  which  was  obtained  by  Mr.  Theobald  from  the 
Siwaliks  of  Jhand  in  the  Punjab.  It  is  perfect  as  far  back  as  a short  distance 
behind  the  3rd  vertebral  plate,  where  it  is  broken  off  by  a fracture  extending 
through  the  carapace  and  plastron.  The  greater  part  of  the  plastron  is  preserved, 

1 To  Anglo-Indian  readers  an  inverted  ‘ gharra  ’ would  best  convey  the  form  of  these  plates. 

2 In  certain  tortoises,  e.q.  Testudo  elongata,  consideiahle  differences  in  the  form  of  the  carapace  of  the  two  sexes  is 
observable,  but  nothing  comparable  to  that  existing  between  U.  sivalensis  and  the  present  form,  C.  cvassioUis,  moreover,  does 
not  present  such  differences  ; and  there  is  also  the  probability  that  the  small  specimens  noticed  above  belong  to  females  of 
0.  sivalensis. 

3 With  rcSgard  to  CUnimgs  nuvhalis,  see  the  next  species. 
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but  is  crushed  in  along  the  middle  line  ; the  anterior  extremity  is  represented  in 
fig,  2b.  A malformation  exists  in  the  hinder  part  of  the  carapace,  the  4th  vertebral 
and  the  3rd  costal  plates  having  apparently  been  double.  The  sutures  between  the 
bony  scutes  are  invisible,  from  which  it  may  be  inferred  that  the  specimen  is  adult. 

The  carapace  and  plastron  are  united  by  bony  sutures,  from  which  circumstance, 
together  with  the  general  resemblance  in  the  form  of  the  vertebral  plates  to  those  of  the 
two  last  species,  the  specimen  may  be  referred  to  the  present  genus.  The  distinctive 
characters  of  the  shell  may  be  best  exhibited  by  comparing  it  with  that  of  C.  sivalensis. 
In  the  first  place  the  whole  shell  is  still  more  depressed,  and  the  vertebral  region  of 
the  carapace  flatter.  The  marginal  plates,  and  more  especially  those  of  the  anterior 
border,  are  remarkably  narrow  in  an  antero-posterior  direction,  instead  of  being 
relatively  wide:  thus  the  transverse  diameter  of  the  1st  marginal  of  the  present 
specimen  is  D2  inches,  and  the  antero-posterior  0'45  ; the  corresponding  dimensions 
in  C.  sivalensis  being  D2x0'94.  The  1st  vertebral  is  pentagonal,  considerably  wider 
in  front  than  behind,  with  the  lateral  borders  sinuated  : at  the  junction  of  the  two 
anterior  borders  an  acute  process  is  given  off,  whicli  separates  the  1st  marginals  of  the 
two  sides,  there  being  no  nuchal  plate  : the  antero-external  angles  of  the  1st  vertebral 
are  much  produced  and  extend  as  far  as  the  1st  marginal  sutures,  instead  of.  being 
placed  considerably  nearer  the  median  line  as  in  C.  sivalensis  and  G.  crassicollis} 
The  1st  vertebral  is  much  wider  than  in  C.  sivalensis ^ and  its  very  different  form  may 
be  seen  by  a comparison  of  the  two  figures.  The  2nd  and  3rd  vertebral  and  the 
costal  plates  are  so  similar  to  those  of  C.  sivalensis  and  C.  crassicollis  that  they  afford 
no  distinctive  characters.  On  the  ventral  aspect  the  anterior  extremity  of  the 
plastron  is  slightly  narrower,  and  the  gular  plates  perhaps  rather  shorter.  The 
extreme  width  of  the  specimen  is  5 ’2,  and  the  height  of  the  carapace  1*5  inches. 
There  is  not  the  faintest  trace  of  a vertebral  keel,  but  there  are  indications  of  the 
existence  of  costal  keels  at  an  earlier  age,  although  they  are  now  practically 
obliterated.  There  are  no  traces  of  areolse. 

Distinctness  and  aMnities. — The  differences  pointed  out  above  indicate  the  specific 
distinctness  of  this  form  from  C.  sivalensis ; and  its  distinctness  from  G.  hydaspica  is 
so  evident  as  not  to  require  special  notice.  It  differs  from  C.  crassicollis  still  more 
widely  than  is  the  case  with  G.  sivalensis.  As  the  only  existing  form  closely  allied 
to  G.  crassicollis  mentioned  by  Gray^  is  Glemmys  nuclialis  (Blyth),  from  Java,  which 
is  apparently  distinguished  from  C.  crassicollis  merely  by  difference  in  colouration, 
the  form  under  consideration  may  be  pretty  certainly  regarded  as  belonging  to  a 
new  species,  which  it  is  proposed  to  term  C.  tJieobaldi^  in  honour  of  the  collector  of 
the  type  specimen  of  this  and  the  allied  Siwalik  species. 

Glemmys  theohaldi  appears  to  be  a highly  specialized  form  belonging  to  the  G. 
crassicollis  group  which  has  entirely  disappeared  at  the  present  day. 

1 In  one  specimen  in  the  British  Museum  (No.  47.  1.  13.  11  ) the  antero-external  angles  of  the  1st  vertebral  plate  reach 
to  within  a short  distance  of  the  1st  marginal  sutures. 

^ “ Supplement  to  Catalogue  of  Shield-Reptiles,”  pt.  I.  p.  41.  - 
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Species  4.  Clemmys  punjabiensis,  n.  sp.  nohis. 

Shell. — The  fourth  Siwalik  species  of  this  genus  is  also  founded  upon  the  greater 
portion  of  a shell  collected  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab;  and 
represented  of  one-half  the  natural  size  in  plate  XX.  figs.  3.  3a.  3b.  The  specimen 
comprises  the  anterior  half  of  the  plastron  (which  is  united  by  bone  with  the 
carapace),  and  the  anterior  j)art  of  the  carapace  as  far  back  as  the  hinder  border  of 
the  3rd  vertebral  plate,  wanting,  however,  the  greater  portion  of  the  anterior 
marginals.  A few  traces  of  the  sutures  between  the  bony  scutes  can  be  detected 
here  and  there. 

The  general  form  of  the  vertebral  plates  and  the  bony  union  of  the  carapace 
and  plastron  indicate  without  much  doubt  the  generic  position  of  the  specimen. 
The  shell  agrees  with  the  three  preceding  species  in  the  total  absence  of  either 
vertebral  or  costal  keels,  and  of  areolae,  but  is  at  once  distinguished  both  from  G. 
sivalensis  and  C.  theobalcU  by  its  much  more  vaulted  caraj^ace,  and  the  consequent 
high  angle  of  the  plane  of  the  anterior  part  of  the  1st  vertebral  plate:  from  C. 
hydaspica  it  is  distinguished  by  the  latter  character,  and  the  great  difference  in  the 
form  of  the  vertebral  plates.  From  the  imperfect  condition  of  the  anterior  margin 
of  the  carapace  it  cannot  be  determined  whether  a nuchal  plate  was  present.  The 
1st  vertebral  plate  is  bell-shaped,  considerably  longer  than  broad,  and  entirely  different 
from  the  corresponding  plate  in  either  of  the  three  preceding  species.  The  2nd 
vertebral  is  hexagonal,  and  narrower  behind  than  in  front : it  is  less  distinctly 
‘ mushroom-shaped  ’ than  the  corresponding  plate  of  C.  sivalensis  and  C.  theobaldi.^  and 
has  not  the  ‘ balloon-shape  ’ of  C.  hydaspica.  The  3rd  vertebral  is  hexagonal,  and 
nearly  symmetrical ; its  width  in  front  being  not  greater  than  behind : it  is  quite 
different  from  the  corresponding  plate  in  either  of  the  three  preceding  species.  The 
anterior  marginal  plates  are  intermediate  in  width  between  those  of  C.  sivalensis  and 
C.  theobaldi : the  costals  do  not  offer  any  distinctive  characters.  On  the  ventral 
aspect  (fig.  3b)  the  gulars  are  relatively  shorter  than  in  either  of  the  three  preceding 
species ; the  suture  between  the  postgulars  being  one-half  the  length  of  that  between 
the  gulars.  The  portion  of  the  plastron  covered  by  the  gular  plates  is,  moreover, 
thickened,  and  projects  in  front  of  that  covered  by  the  postgulars,  instead  of  forming 
a nearly  continuous  line,  as  in  the  three  species  last  described.  The  extreme  width 
of  the  specimen  is  5'2,  and  the  height  of  the  carapace  2*3  inches. 

Distinctness  and  affinities. — The  foregoing  comparisons  leave  no  doubt  of  the 
specific  distinctness  of  the  form  under  consideration  from  G.  sivalensis.,  C.  hydaspica., 
and  C.  theobaldi.  None  of  the  Asiatic  species  of  the  genus  described  by  Messrs. 
Gray,  Gunther,  and  Theobald  have  a bell-shaped  1st  vertebral  like  that  of  the 
fossiP ; although  this  feature  is  presented  in  numerous  North  American  species, — 

1 The  form  of  the  plates  in  Cyclemys  oldhami  [Vide  Gunther,  “ Eeptiles  of  British  India,”  pi.  V.  fig.  B”)  is  very  similar 
to  that  of  the  present  fossil ; but  that  form  is  widely  differentiated  by  the  cartilaginous  union  of  the  plastron  and  carapace. 
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e.g.^  G.  ornata^  C.  venmta^  G.  callirostris^  G.  rivulata,^  and  C.  ventricosa.^  All  these 
sjDecies  agree  with  the  Siwalik  fossil  in  the  absence  of  costal  and  (excej:*!  in  C. 
callirodris)  vertebral  keels.  The  last-named  species  conies  nearest  to  the  fossil  in  the 
form  of  tlie  first  three  vertebral  plates,  but  the  second  plate  is  not  so  much  contracted 
posteriorly  : in  the  contour  of  the  shell  C.  ventricosa  makes  a nearer  approach  to  the 
specimen  under  consideration,  but  all  the  American  species  are  more  depressed. 

As  there  seems  no  doubt  of  the  sjjecific  distinctness  of  the  present  form  from 
any  Old  World  species  of  Clemmys^  and  as  it  is  apparently  equally  distinct  from, 
although  more  nearly  allied  to,  those  of  N.  America,  it  may  rank  as  a new  species, 
to  which  the  name  of  C.  pimjabiensis  may  be  assigned. 

The  total  distinctness  of  C.  pimjabiensis  from  the  existing  Indian  emydines,  and  its 
a2325arent  kinship  to  those  of  N.  America,  is  a remarkable  and  unexpected  fact  in  the 
distribution  of  this  group  of  tortoises. 

B.  Carapace  with  three  continuous  keels. 

. Clemmys,  sp.  5. 

(Allied  to  Glemmys  trijuga  [Schweigg.]) 

Bhell. — The  evidence  of  the  existence  of  this  fifth  species  of  Siwalik  Glemmys  is 
afforded  by  a shell  from  the  Siwalik  Hills  preserved  in  the  Cautley  collection  of  the 
British  Museum,  and  represented  of  one-half  the  natural  size  in  plate  XXI.  figs. 
4.  4a.  4b.  It  comprises  the  nearly  entire  caraj^ace,  and  the  anterior  j)art  of  the 
jDlastron ; the  latter  having  been  crushed  in,  but  exhibiting  the  gular  and  postgular 
plates  (fig.  4b),  and  a portion  of  the  pectorals  ; on  the  right  side  a jjart  of  the  suture 
between  the  abdominal  and  23ectoral  plates,  and  that  between  the  former  and  the 
marginals  is  also  jDreserved.  The  carajDace  has  lost  most  of  the  nuchal  and  part  of  the 
1st  marginal  plates,  as  well  as  the  greater  portion  of  the  joygal  and  hinder  marginals  ; 
but  sufiicient  remains  to  show  that  the  j)ygals  were  not  united.  The  plastron  is 
united  by  bone  to  the  carapace,  showing  that  the  sjjecimen  cannot  belong  to 
Terrapenej  Cyclemys^  or  Pyxidea : the  difference  in  the  form  of  the  gular  2)Htes 
distinguishes  it  from  a fenqale  of  Geoemyda,  and  as  it  is  evidently  not  a Pangshura 
and  almost  certainly  not  a Datagur,  it  may  be  pretty  safely  referred  to  the  present 
genus. 

The  gular  j^lates  (fig.  4b)  are  of  rather  small  size,  the  length  of  the  intergular 
suture  being  only  about  one-and-a-half  times  that  of  the  one  between  the  jDOstgulars. 
The  carapace  is  subovate,  somewhat  depressed,  slightly  flattened  superiorly  as  far 
as  the  5th  vertebral  plate  (which  is  obliquely  placed)  and  bears  three  indistinct,  low^ 
and  api^roximated  keels,  which  are  continuous  throughout  the  length  of  the  shell. 
In  profile  (fig.  4a)  the  anterior  jDortion  presents  a gentle  upward  inclination  from  the 
margin  to  the  vertex,  while  posteriorly  there  is  a sudden  ascent  from  the  margin. 

1 FjflJe  Gray,  “ Catalogue  of  Shield-lieptiles,”  pt.  I.  pi.  XII.  2 Ibid,  pi.  XIIa.  3 Ibid,  pi.  XIIb. 

■i  Ibid,  pi.  XI.  5 Ibid,  pi.  XIV.  3 Including-  Unoni,  Gray. 
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The  1st  costal  plate  is  considerably  larger  than  either  of  the  two  succeeding  ones/ 
and  extends  as  far  back  as  the  middle  of  the  5th  marginal.  Tliere  are  indications 
of  the  presence  of  a nuchal  plate  : and  there  are  distinctly  marked  areolas,  although 
they  are  not  shown  in  the  figures.  The  first  vertebral  is  wider  than  either  of  the 
three  following,  and  is  pentagonal,  widest  anteriorly,  with  a rounded  poste^rior 
border ; its  antero-external  angles  reaching  nearly  up  to  the  1st  marginal  sutures.  The 
2nd,  3rd,  and  dtli  vertebrals  are  hexagonal,  narrower  behind  than  in  front,  and  have 
concave  borders  to  their  hinder  lateral  surfaces : in  th,e  middle  of  their  anterior 
border  each  of  these  plates  gives  off  a projection,  which  is  received  into  a notch  in  the 
plate  in  front.  The  5th  vertebral  is  not  wider  than  either  of  the  three  preceding 
ones ; and  the  anterior  marginal  plates  are  relatively  wide  antero-posteriorly.  The 
absence  of  any  trace  of  the  sutures  between  the  bony  scutes  indicates  the  full  age  of 
the  specimen.  Its  dimensions  are  as  follows,  viz. : — 


Length  (about) 

6-8 

Length  of  3rd  vertebral  plate 

1-4 

Width 

4-3 

Width  ,,  ,,  ,, 

> > 

1-65 

Height  of  carapace 

2'5 

Length,,  4th  ,, 

1-25 

Length  of  1st  vertebral  plate 

1-55 

Width  , , , , , , 

1-6 

Width  , , , , , , , , 

1-85 

Length,,  5th  ,, 

1-35 

Length,,  2nd  ,,  ,, 

1-4 

Width  „ ,,  ,, 

1-6 

W^idth  ,,  ,,  ,,  ,, 

1-5 

Distinctness  and  affinities.- 

—The  specimen 

is  distinguished 

from 

each  of  the  four 

preceding  Siwalik  species,  as 

well  as  from  the  adult  of  the  existing 

C.  crassicoUis,  by 

the  presence  of  the  three  indistinct  keels  and  the  well-marked  areolie  : it  is  j^further 
distinguished  from  C.  punjahiensis  (pi.  XX.  fig.  3.)  by  the  form  of  the  1st  vertebral 
plate;  from  0.  theohaldi  (pi.  XX.  fig.  2.)  by  the  more  elevated  carapace,  wide 
anterior  marginals,  much  less  decidedly  mushroom-shaped  vertebrals,  and  shorter 
gulars  ; and  from  0.  hyduspica  (pi.  XX.  fig.  4.)  by  the  great  difference  in  the  contour 
and  profile  of  the  carapace,  and  by  other  characters  which  are  sufficiently  evident 
in  the  figures.  It  differs  still  more  widely  from  G.  sivalensis  (pi.  XX.  fig.  1.)  and 
C.  crassicoUis. 

ffdie  specimen  agrees  very  closely  with  the  group'"^  comprising  G.  sinensis  from 
Canton  and  Formosa,  C.  reevesi  from  S.  China,  C.  trijuga  from  India  with  its  allied 
forms  from  the  neighbouring  regions,  and  G.  macrocepliala  from  Siam.  Of  these 
forms  C.  reevesi^  is  not  unlike  the  present  form,  but  the  intergular  suture  is  relatively 
longer,  the  three  middle  vertebral  plates  wider  and  less  constricted  posteriorly,  the 
costal  keels  more  widely  separated  from  the  vertebral  keel,  and  the  profile  of  the 
carapace  different.  Neither  G.  sinensis^  nor  0.  macroceplial(jd  approach  very  near  to 
the  fossil ; but  G.  trijuga  comes  very  close  in  general  form,  as  is  well  shown  in  the 
adult  specimen  figured  by  Gray,''  where  the  inward  inflection  of  the  lateral  marginals 

1 In  figure  i the  artist  has  drawn  the  1st  and  2nd  costals  too  large  antero-posteriorly. 

2 Vide  Gunther,  “ Heptiles  of  British  India,”  p.  22.  Gunther  includes  C.  crassicoUis,  which  is,  however,  distinguished 
by  the  obliteration  of  the  keels  in  the  adult. 

3 Vide  Gray,  ” Catalogue  of  Shield-Eeptiles,”  pt.  I.  pi.  V. 

5 Grasy,  ‘ Broc.  Zool.  Soc.’  1869,  pi.  XXI. 


4 Vide  Gray,  loc.  cil.,  pi  VII. 
3 ” Catalogue  of  Shield-Eeptiles,”  pt.  I.  pi.  IV. 


178—24  INDIAN  TERTIARY  AND  POST-TERTIARY  VERTEBRATA. 


characteristic  of  both  the  recent  and  fossil  forms  is  well  shown.  Both  agree  in  the 
continuous  keels,  which  are  perhaps  rather  more  pronounced  in  the  living  form ; and 
in  the  strongly-marked  areolse  of  the  carapace.  In  Gray’s  specimen  the  1st  vertebral 
plate  is  not  so  much  expanded  anteriorly,  its  antero-external  angles  not  reaching  to 
within  a considerable  distance  of  the  1st  marginal  sutures ; while  the  other  vertebrals 
differ  slightly  in  shape,  and  the  vertebral  keel  is  more  strongly  pronounced  : other 
specimens  in  the  British  Museum  show,  liowever,  a much  closer  resemblance  in  the 
form  of  the  vertebrals,  although  in  none  of  them  is  the  1st  vertebral  so  much 
expanded  anteriorly.  All  specimens  of  C.  trijuga  that  the  writer  has  seen  are 
decidedly  more  depressed,  and  in  a profile  view  the  posterior  extremity  of  the 
carapace  does  not  rise  so  raj^idly  as  in  the  fossil ; while  the  latter  lias  not  the  slightly 
reverted  anterior  marginals  of  the  recent  form.  The  5th  vertebral  is  much  wider  than 
either  of  the  three  preceding  ones  ; and  in  some  specimens  is  as  wide  as  the  pygals 
and  last  marginals  together.  An  allied  recent  form  known  as  C.  suhtrijuga  probably 
from  the  Dutch  Asiatic  colonies^  is  distinguished  by  the  absence  of  reversion  of  the 
anterior  marginals,  and  a wider  nuchal  plate  ; and  in  the  former  respect  would 
therefore  appear  to  be  nearer  the  fossil.  C.  trijuga  is  found  over  a great  part  of 
India,  and  attains  a length  of  eight  inches ; but  there  is  some  doubt  of  the  distinctness 
of  the  Ceylonese  race,  which  is  sometimes  admitted  as  a species  under  the  name  of 
C.  sebce}  A larger  allied  form  growing  to  a length  of  twelve  inches  has  been 
described  from  Arakan,  Pegu,  and  Tenasserim  under  the  name  of  C.  edeniana? 

Finally,  the  resemblance  of  the  fossil  under  consideration  to  C.  trijuga  and  its 
allies  is  so  great  that  it  may  be  pretty  safely  regarded  as  an  ancestral  form  of  this 
group  : in  view,  however,  of  the  uncertainty  as  to  the  number  of  existing  species, 
and  the  difficulty  of  distinguishing  them  if  they  were  found  only  in  the  fossil  state, 
it  would  perhaps  be  unwise  to  make  any  nearer  approximation  to  the  affinity  of  the 
fossil. 

G.  Carapace  ivith  three  interrupted  keels. 

Species  6.  Clemmys  pal^indica,  n.  sp.  nnUs. 

(Allied  to  Clemmys  hamiltoni  [Gray.]) 

Introductory . — This  species  is  founded  on  two  shells  of  an  emydine  from  the 
Siwalik  Hills  in  the  Cautley  collection  of  the  British  Museum.  Casts  of  the  larger 
specimen  were  distributed  under  Falconer’s  superintendence  and  labelled  Emys 
hamilto7ioides,  Falconer  and  Cautley  ; but  as  this  name  is  merely  a MS.  one,‘‘  and  is  a 
barbarous  one,  it  has  not  been  adopted.  In  1883  the  writer^  suggested  that  these 
specimens  might  be  specifically  identical  with  Clemmys  hamiltoni. 

1 Vide  Guntlier,  “ Eeptiles  of  British  India,”  pp.  30,  31. 

2 Ibid\  and  Theobald,  “ Catalogue  of  Eeptiles  of  British  India,”  p.  12. 

3 Tide  Theobald,  “ Mason’s  Burma,”  vol.  I.  p.  338  (1882). 

■1  It  occurs  in  a dealer’s  list  of  casts.  5 ‘ Eec.  Geol.  Sui'v.  Ind.’  vol.  XVI.  p.  67. 
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Larger  specimen. — The  larger  specimen  is  represented  of  one-third  the  natural 
size  in  plate  XXI.  figs.  3.  3a.  It  shows  the  whole  of  the  carapace  and  plastron ; 
almost  the  only  injuries  it  has  sustained  being  the  loss  of  part  of  the  anterior  and 
posterior  margins  of  the  carapace.  The  plastron  is  of  the  elongate  emydine  form, 
with  deeply  notched  xiphiplastrals : it  was  originally  flat,  but  from  the  effect  of 
crushing  the  median  line  has  become  depressed : only  the  boundaries  of  the  gular, 
abdominal,  and  postabdominal  plates  are  distinctly  defined.  The  carapace  is 
convex,  oblong-ov'ate,  with  three  interrupted  longitudinal  keels,  the  bone  underlying 
each  vertebral  and  costal  plate  being  raised  into  a nodose  prominence.  The  line 
dividing  the  two  pygal  plates  is  distinct.  The  nuchal  plate  is  broad  and  triangular  ; 
the  1st  vertebral  longer  than  broad,  and  narrowest  anteriorly  ; the  4th  vertebral  and 
the  1st  costal  relatively  wide.  The  anterior  margin  of  the  carapace  is  entire,  but 
the  posterior  is  deeply  serrated : the  shell  is  broadest  across  the  second  costal ; the 
profile  anteriorly  being  convex. 

As  the  sutures  of  the  bony  scutes  are  visible  it  may  be  well  to  observe  that  the 
1st  vertebral  scute  is  oblong  and  impressed  by  the  suture  between  the  1st  and  2nd 
plates  : the  2nd  scute  is  broader  than  long ; the  3rd  longer  than  broad,  narrowest 
posteriorly,  and  marked  by  the  suture  between  the  2nd  and  3rd  plates  ; the  4th 
scute  is  nearly  square  ; the  5th  and  6th  broader  than  long,  the  former  being  marked 
by  the  division  between  the  3rd  and  4th  plates ; the  7th  scute  is  subtriangular,  and 
impressed  by  the  suture  between  the  4th  and  5th  plates ; while  the  8th  scute  is  also 
triangular,  with  its  apex  directed  forwards. 

Smaller  specimen. — The  smaller  specimen  is  represented  of  two-thirds  the  natural 
size  in  plate  XXI.  figs.  1.  la.  lb.  The  plastron  has  lost  its  xipliiplastral  poidion,  but 
is  otherwise  perfect ; although  as  in  the  larger  specimen  it  has  been  crushed  in  along 
the  median  line : it  exhibits  very  clearly  the  complete  bony  union  with  the  carapace. 
The  carapace  is  broken  off  posteriorly  through  the  middle  of  the  4th  vertebral  plate  ; 
and  as  it  agrees  so  exactly  with  that  of  the  laj'ger  specimen  it  may  be  safely  referred 
to  the  same  species,  and  needs  no  further  description. 

Distinctness  and  affinities.- — That  the  two  specimens  under  consideration  are 
emydines  there  is  no  doubt,  and  their  general  resemblance  to  Glemmys  hamiltoni  is  so 
close  that  they  may  be  pretty  safely  referred  to  the  same  genus^ ; and  their 
differences  from  the  living  form  may  now  be  pointed  out.  The  largest  specimen  of  C. 
hamiltoni  mentioned  by  Dr.  Giintheff  measures  5^  inches  in  length,  but  there  are 
larger  specimens  in  the  Indian  Museum,  Calcutta,  and  the  writer  is  indebted  to  Mr. 
Theobald  for  the  opportunity  of  comparing  an  unusually  fine  specimen  with  the 
fossils.  The  following  table  shows  the  dimensions  of  this  specimen  and  those  of  the 
fossils : — 

1 Geofmyda  tricariiieta,  Blyth  {vide  Theobald,  “Catalogue  of  Eeptiles  of  British  India,’  p.  6),  of  which  there  are  no 
specimens  in  England,  is  three-keeled,  but  the  keels  are  apparently  continuous,  the  shell  is  broadest  across  the  fourth  costals, 
has  a narrow  nuchal  plate,  and  seems  to  resemble  Clemmys.  tnjuya  in  general  shape.  The  male  has  a concave  plastron. 

“ lieptiles  of  British  India,’’  p.  32. 


180—26  INDIAN  TERTIARY  AND  POST-TERTIARY  VERTEBRATA. 


Extreme  length  of  shell  (margins 

partly  broken 

in  fossil) 

Small 

Fossil. 

Clemmys 

hamiltoni. 

8-6 

Large 

Fossil. 

11'7 

Extreme  width  of  ditto 

3-45 

5-9 

8-1 

Height  of  ditto 

2-7 

4-1 

5-4 

Length  of  plastron 

7-8 

11-5 

Width  of  ditto  between  keels 

2-3 

3-85 

5 2 

Interval  between  axillar}'  incisions 

2-4 

3-9 

5-4 

Ditto  ,,  inguinal  ,, 

1 95 

3-4 

4-8o 

Length  of  1st  vertebral  plate 

1-16 

1-65 

2-5 

Width  ,,  ,,  ,,  ,, 

0-87 

1-5 

1-75 

Length  ,,  2nd  ,,  ,, 

1-07 

1-65 

2 24 

Width  ,,  ,,  ,,  ,, 

1-1 

1-55 

2-1 

Length  ,,  3rd  „ ,, 

11 

1-55 

2-2 

Width  ,,  ,,  ,,  ,, 

1-12 

1-52 

2-12 

Length  ,,  4th  ,,  „ 

15 

2-2 

W^idth  ,,  ,,  ,,  ,, 

1-65 

2-44 

Length  ,,  5th  ,,  ,, 

1-6 

2-05 

W^idth  , , , , , , , , 

2-22 

3-0 

It  will  be  seen  from  these  measurements  that  tlie  recent  and  fossil  forms  agree 
very  closely  in  general  proportions : the  2nd  and  3rd  vertebrals  are  indeed  of 
slightly  greater  relative  width  in  the  smaller  fossil,  but  this  difference  is  not  nearly 
so  great  as  in  young  and  old  specimens  of  C.  hamiltoni.  The  adult  of  that  species  is 
distinguished  from  the  fossil  sliells  by  the  narrower  nuchal  plate,  by  the  marked 
concavity  of  the  profile  of  the  anterior  portion  of  the  shell,  by  the  keel  on  the  1st 
vertebral  being  lower  and  confined  to  the  hinder  part  of  the  plate,  by  the  1st 
vertebral  being  widest  anteriorly,  and  by  the  decidedly  lesser  degree  of  development 
of  all  the  vertebral  and  costal  keels.  In  very  young  specimens  of  the  living  species 
(l^late  XXI.  fig.  2),  which  are  those  more  commonly  observed  in  English  collections, 
the  costal  keels  form  a regular  curve,  instead  of  being  parallel  as  far  back  as  the  4th 
vertebral  plate,  and  are  placed  more  remotely  from  the  vertebral  keel : the  vertebral 
plates  are,  moreover,  proportionately  so  much  wider  that  their  width  exceeds  their 
length : the  anterior  profile  of  the  carapace  is  less  markedly  concave.  An  apparently 
allied  form  from  Siam  has  been  described  by  Gray^  as  Clemmys  macrocephala ; the 
shell  is,  however,  depressed,  and  the  keels  end  abruptly  at  the  3rd  vertebral  plate. 
Clemmys  nigricans  from  S.  China  and  G.  reevesi  from  Canton  and  Formosa  are  unlike 
the  Siwalik  form. 

That  the  latter  is  closely  related  to,  and  probably  the  ancestral  form  of,  Clemmys 
hamiltoni  there  seems  no  reasonable  doubt.  As,  however,  it  appears  to  differ  from 
the  living  species  as  much  as  several  of  the  allied  living  species  do  from  one  another, 
it  seems  allowable  to  assign  it  a distinct  name  ; and  it  is  accordingly  proposed  that 
it  should  be  called  Clemmys  palwindica. 

According  to  Mr.  Theobald‘S  the  living  C.  hamiltoni  is  confined  to  Lower  Bengal. 

D.  Generic  position  uncertain. 

Clemmys  (?)  sp.  7. 

History. — In  1859  Falconer^  referred  to  a specimen  now  in  the  Indian  Museum 

1 Vide  ‘ Supplement  to  Catalogue  of  Shield-Reptiles,”  pt.  I.  p.  43  [Dantonia) 

2 “ Catalogue  of  Reptiles  of  British  India,”  p.  11. 

3 Catalogue  of  Fossil  Vertehrata  in  Museum  of  Asiatic  Society  of  Bengal,”  p.  209.  No.  P.  114. 
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(No.  E 78),  whicli  most  probably  came  from  the  Siwaliks  of  Perim  Island  as 
“ Greater  portion  of  the  carapace  and  plastron  of  a species  of  Emys  or  Testudo. 
The  anterior  portion  both  of  carapace  and  plastron  removed,  with  loss  of  the  most 
characteristic  parts.  This  specimen  requires  further  and  careful  examination.”  In 
1880  the  present  writeP  alluded  to  this  specimen  as  apparently  belonging  to  Testudo. 

Shell. — The  specimen  above-mentioned  is  so  imperfect  that  it  has  not  been  figured : 
the  only  plates  that  it  shows  are  the  5th  vertebral,  the  right  pygal,  and  the  hinder 
marginals  and  costals  of  the  same  side.  The  union  of  the  carapace  and  the  plastron 
is  a bony  one  ; and  the  carapace  is  much  vaulted,  and  shows  no  trace  of  any  keel : 
the  condition  of  the  sutures  seems  to  indicate  a fully  adult  individual,  and  the 
specimen  is  evidently  distinct  from  any  of  the  species  already  noticed.  The  width 
of  the  shell  is  7*0,  and  the  height  of  the  carapace  3‘0  inches. 

Second  specimen. — An  imperfect  shell,  of  somewhat  smaller  size,  from  Perim  Island 
presented  to  the  old  India  House  Museum  by  Mr.  A.  Bettington,  and  now  in  the 
British  Museum,  apparently  belongs  to  the  same  species  as  the  Calcutta  specimen, 
but  exhibits  no  characteristic  features. 

Third  specimen. — Among  a collection  of  fossils  from  Perim  Island  sent  to  the 
writer  by  Mr.  Wajeshankar  Gowreeshankar^  is  the  right  half  of  the  shell  of  a 
tortoise,  agreeing  so  well  in  size  and  shape  with  tlie  preceding  specimens  that  it  very 
probably  belongs  to  the  same  species.  Unfortunately  no  trace  of  the  form  of  the 
plates  can  be  detected,  although  the  bony  scutes  are  distinctly  defined : the  close 
union  of  the  latter  indicates  that  the  specimen  is  adult.  The  vertebral  scutes  are  of 
the  narrow  elongated  form  characteristic  of  most  of  the  emydines,  and  quite 
different  from  the  broad  scutes  of  Testudo  : the  costals  are  strongly  areolated  as  in 
Clemmys  hamiltoni. 

Affinities. — Assuming  that  the  third  specimen  belongs  to  the  same  species  as  the 
first.,  it  is  pretty  clear  that  the  present  form  is  an  emydine ; a conclusion  confirmed 
by  the  resemblance  in  the  shape  of  the  divided  pygals  of  the  first  specimen  to  those 
of  Clemmys  hamiltoni.  The  species  is  smaller  than  any  existing  species  of  Batagur, 
and  may  accordingly  be  provisionally  referred  to  Clemmys.  It  appears  to  indicate  a 
form  not  intimately  allied  to  any  existing  Indian  species  ; but  more  perfect  specimens 
are  needed  before  anything  definite  can  be  decided  as  to  its  true  affinities. 

Genus  II.  PANGSHURA,  Gray.=^ 

Including  Cuchoa,  Jerdonella.,  and  Emia,  Gray. 

Shell  entirely  bony,  without  ligamentous  joints  : carapace  more  or  less  angularly 
elevated  and  compressed : 4th  vertebral  plate  pointed  anteriorly : plastron  flat  in 
both  sexes. 

This  genus,  both  in  the  recent  and  fossil  state,  has  hitherto  been  recorded  only 

1 * Journ,  As  Soc.  Beng*.  vol.  X.LIS.  pt  II  p.  16*  2 Vide  supra^  p,  149. 

3 Catalogue  of  Shield-Eeptiles,”  pt.  I.  p.  30, 
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from  India ; there  is  some  amount  of  uncertainty  as  to  the  real  number  of  existing 
species,  but  they  may  be  provisionally  ranged  under  five  heads,  viz.-. — 

A.  Third  vey-tehral  plate  tapering  posteriorly. 

P.  TECTUM  (Bell).  Carapace  elevated  : in  the  type  form  (pi.  XXII.  figs.  4.  6.  7.)  1st 
vertebral  pentagonal,  narrowest  posteriorly,  and  longer  than  broad  : ‘2nd  hexagonal  or 
pentagonal,  narrowed  posteriorly,  usually  more  or  less  rounded,  and  longer  than  broad. 
In  var.  intermedimn,  Blanfordi> (pl-  XXII.  fig.  8)  the  1st  and  2nd  vertebrals  are  shorter; 
the  latter  being  hexagonal,  and  not  rounded  posteriorly. 

P.  TENTORiA  (Gray).  Carapace  less  elevated:  1st  vertebral  subquadrangular  (pi.  XXII. 
fig.  9.),  as  broad  posteriorly  as  anteriorly ; 2nd  rounded  posteriorly,  narrowed,  and 
relatively  long. 

P.  FLAViVENTRis,  Giinther.  Carapace  more  elevated  than  in  P. : 1st  vertebral  bell- 
shaped (pi.  XXII.  figs.  10.  11.),  broadest  posteriorly:  2nd  rounded  posteriorly, 
narrowed,  and  relatively  long. 

P.  SYLHETENSIS,  Jerdon.  Carapace  elevated,  1st  vertebral  pentagonal,  longer  than  broad 
in  adult,  with  a tendency  to  a bell-shape,  broadest  anteriorly  in  young,  and  shorter : 2nd 
vertebral  short  and  much  broader  than  long : 3rd  strongly  keeled,  much  longer  than 
2nd,  and  slightly  narrowed  behind : 5th  very  narrow : posterior  edge  of  carapace 
deeply  serrated. 

B.  Third  vertebral  plate  truncated  posteriorly . 

P.  SMITHI  (Gray),  (pi.  XXII.  fig.  5).  Carapace  depressed:  1st  vertebral  bell-shaped, 
broadest  posteriorly  : 2nd  subquadrangular,  much  broader  than  long,  and  shorter  than 
the  1st. 

The  first  four  species,  forming  what  may  be  called  the  tectiform  group,  are 
closely  allied ; and  as  the  variety  intermedium  diminishes  the  distinction  between  P. 
tectum  and  P.  tentoria,  it  has  been  suggested  that  the  latter  is  merely  a depressed  race 
of  the  former.^  P.  syllietensis  (which  Mr.  Theobald®  is  inclined  to  class  with  P. 
tectum)  is  apparently  a connecting  link  between  the  other  members  of  the  tectiform 
group  and  P.  smithi : the  specimens  in  the  British  Museum  seem  to  leave  little  doubt 
of  its  claim  to  specific  distinctness ; the  form  of  the  2nd,  3rd,  and  5th  vertebrals, 
and  the  deeply  serrated  posterior  margin  of  the  carapace  being  very  characteristic 
features.  Two  other  species  are  admitted  in  Gray’s  “ Supplement  to  the  Catalogue 
of  Shield-Reptiles”  (pt.  I.  pp.  60-61),  viz..,  P.  leithi  and  P.  ventricosa-,  the  latter  is 
probably  only  a varity  of  P.  tectum'^ ; and  the  former  is  founded  only  on  a skull 
which  Mr.  Theobald  thinks  may  belong  to  a distinct  genus. 

7 

Species  1.  Pangshura  flaviventris,  Giinther.® 

Syn.  Emys  namadica,  Theobald.® 

Cuchoa  flaviventris,  Gray.’’ 

Narbada  specimen. — The  shell  figured  of  half  the  natural  size  in  pi.  XXII.  fig.  2 
(the  first  three  vertebral  plates  being  drawn  of  the.  full  size  in, fig.  10)  was  obtained 

1 ‘ Journ.  As.  Soc.  Beng.’  vol.  XXXIX.  pt.  II.  p.  339  (1870). 

2 Vide  Theobald,  “ Catalogue  of  Reptiles  of  British  India,”  pp.  14-17. 

3 Ibid,Y5  15  16  17.  Jerdon  was  correct  in  describing  the  th  vertebral  as  being  wffcrnw.  4 Ibid.'p.  13. 

5 “ Reptiles  of  British  India,”  p.  35  (1864).  F.  Jiaviventtr.  6 ‘ Mem.  Geol.  Surv.  Ind.’  vol.  II.  p.  395  (i860). 

7 ‘‘Supplement  to  Catalogue  of  Shield -Reptiles,”  pt.  I.  p.  61  (1870). 
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previously  to  1860  by  Mr.  Theobald  from  the  pleistocene  of  Moar  Domar  in  the 
Narbada  Valley.  It  was  mentioned  by  him  in  that  year  in  the  passage  cited  above, 
and  referred  to  a new  species  under  the  name  of  Emys  namadica.  At  a later  date  it 
was  described  and  figured  by  Stoliczka,’^  who  referred  it  to  Pangshura  tectum ; but  his 
figure  of  the  upper  surface  is  not  satisfactory,  as  it  does  not  exhibit  the  characteristic 
bell-shape  of  the  1st  vertebral  plate. 

The  specimen  is  fairly  perfect  as  far  back  as  the  5th  vertebral  plate,  and  exhibits 
the  form  both  of  tlie  horny  plates  and  the  underlying  bony  scutes.  In  general 
contour  and  proportionate  size  of  the  vertebral  plates  the  fossil  agrees  with  the 
tectiform  group,  and  the  high  pitch  of  the  carapace  allies  it  to  P.  Jlaviventris.  It 
also  agrees  with  that  species  and  differs  from  P.  tectum  and  P.  tentoria  in  the  bell- 
shaped  1st  vertebral.  In  the  type  specimen  of  P.  jlaviventris  (pi.  XXII.  fig.  11.)  the 
1st  vertebral  is  much  narrower  anteriorly  than  posteriorly,  but  in  a specimen  from 
near  Cuttack  in  the  British  Museum  (No.  70.  6.  II.  32)  the  1st  vertebral  is  relatively 
wider  anteriorly,  and  although  not  quite  so  wide  as  in  the  fossil,  yet  the  difference 
between  the  two  is  not  greater  than  that  between  the  two  recent  specimens.  With 
the  exception  that  the  nuchal  plate  is  rather  narrower  than  in  any  recent  specimen 
which  the  writer  has  seen,  the  fossil  agrees  precisely  with  P.  jlaviventris^  and  may, 
therefore,  be  pretty  safely  referred  to  that  species. 

Another  shell  of  a Pangshura  from  the  pleistocene  of  the  Narbada  valle}’"  has 
been  collected  by  Mr.  Hacket  of  the  Survey,  and  is  preserved  in  the  Indian  Museum 
(No.  F 111).  The  carapace  measures  some  five  inches  in  length,  and  has  a consider- 
ably higher  pitch  than  in  equal-sized  specimens  of  P.  tectum  : unfortunately  the 
boundaries  of  the  vertebral  plates  are  totally  invisible,  so  that  the  specimen  cannot 
be  specifically  determined. 

Siwalik  specimen. — The  specimen  of  the  shell  of  a Pangshura  represented  of  two- 
fifths  the  natural  size  in  plate  XXII.  fig.  3.  was  obtained  from  the  Siwalik  Hills,  and 
is  preserved  in  the  Cautley  collection  of  the  British  Museum.'  It  comprises  the 
greater  part  of  the  shell,  the  plastron  being  fairly  complete,  and  the  carapace 
showing  the  form  of  the  hinder  part  of  the  1st  vertebral  plate,  the  complete  2nd 
and  3rd  vertebrals,  the  greater  part  of  the  5th,  the  first  two  costals,  the  pygals,  and 
several  of  the  marginals. 

The  portion  of  the  1st  vertebral  still  remaining  shows  that  this  plate  was  bell- 
shaped, as  in  P.  jlaviventris  : the  strongly  keeled  2nd  and  3rd  vertebrals  differentiate 
the  specimen  from  P.  smithi,  while  the  elongated  2nd  and  the  wide  5th  vertebral 
distinguish  it  from  P.  sijlhetensis.  The  characteristic  form  of  the  1st  vertebral  and 
the  general  agreement  in  the  contour  of  the  carapace  and  of  the  2nd  and  3rd 

1 ‘Eec.  G-eol.  Surv.  Ind.’  vol.  II.  p.  36.  pi.  I.  fig.  1. 

2 Three  views  (§)  of  this  specimen,  are  given  in  “Falconer’s  Palaeontological  Memoirs,”  vol.  I.  pi.  XXXII.  figs.  1-3, 
where  it  is  referred  to  P.  (Emy'J  tectum,  and  erroneously  regarded  as  being  the  identical  Siwalik  .specimen  described  by 
Falconer.  The  view  of  the  upper  surface  is  incorrect,  the  shape  of  the  2nd  and  3rd  vertebral  plates  being  wrongly  drawn, 
and  the  space  which  should  be  occupied  by  the  4th  vertebral  plate  filled  with  scutes  which  the  artist  has  represented  as  plates. 
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vertebrals  with  recent  specimens  of  P,  flaviventris  [e.g.  Brit.  Mus.  No.  70.  11.  29.  50), 
indicates  the  probable  specific  identity  of  the  Siwalik  specimen  with  the  existing 
species.  The  2nd  costal  suture,  although  joining  the  3rd  vertebral  plate  at  the  same 
point  as  in  recent  specimens,  makes  a backward  bend,  but  this  can  hardly  be  considered 
a character  of  specific  value.  The  dimensions  of  the  fossil  are  as  follows,  in  inches, 
viz. : — 


Greatest  width  of  shell 
„ height  ,,  ,, 


6'2  Width  of  2nd  vertebral  plate  . . . 1-25 

3 25  Length,,  3rd  ,,  ,,  . . . 1-25 


Length  of  plastron  ....  6’8  Width  ,,  .,  ,,  ,,  ...  1'2 

,,  ,,  2nd  vertebral  plat^  . . . 1'5  Length,,  4th  ,,  ,,  . . . 2'45 

Distribution. — The  type  specimen  of  P.  flaviventris  was  obtained  from  the 

Ganges  at  Allahabad,  and  there  is  a specimen  in  the  British  Museum  from  the 
Mahanadi  basin  near  Cuttack.  The  Siwalik  specimen  came  from  within  either  the 
Jamna  or  Ganges  basin ; and  the  Narbada  specimen  indicates  the  former  westerly 
distribution  of  the  species. 


Pangshura,  sp.  2. 

History. — In  “Falconer’s  Palaeontological  Memoirs”^  an  essay  of  Falconer’s  on 
a small  fossil  emydine  from  the  Siwaliks  was  for  the  first  time  printed.  This  essay 
is  illustrated  with  figures  of  the  shell  of  a Siwalik  Pangshura  in  the  British  Museum 
considered  by  the  editor  of  the  ‘ Memoirs  ’ as  the  one  described  by  Falconer : 
Stoliczka,^  however,  suggested  that  this  was  not  the  case,  and  a comparison  of 
another  specimen  in  the  British  Museum  has  shown  the  correctness  of  this  suggestion : 
the  figured  specimen  is  the  one  referred  above  to  P.  flaviventris.  In  Falconer’s  essay 
the  specimen  described  was  referred  to  the  existing  Pangshura  tectum  (Bell)  : it  must, 
however,  be  borne  in  mind  that  the  essay  in  question  was  written  in  1844,  at  which 
date  only  two  out  of  the  five  existing  species  mentioned  in  the  foregoing  list  (page 
182)  had  been  described,  viz..^  P.  tectum  and  P.  tentoria^^  and  it  is,  therefore,  not 
improbable  that  Falconer  might  have  modified  his  original  view  if  he  had  published 
the  essay  himself. 

Bhell. — The  specimen  described  by  Falconer  is  figured  from  the  upper  surface 
of  three-fourths  the  natural  size  in  plate  XXII.  fig.  1,  the  first  three  vertebral  plates 
being  drawn  of  the  full  size  in  fig.  12.  “ It  was  embedded  in  a hard  sandstone 

matrix  which  fills  the  hollow  of  the  shell,  and  the  bony  part  is  densely  infiltrated 
with  hydrate  of  iron  and  siliceous  matter,  so  as  to  give  it  a dark  colour  and  great 
specific  gravity.  It  comprises  nearly  the  whole  of  the  carapace  as  far  back  as  the 
commencement  of  the  last  vertebral  plate.  The  margin  is  broken  off  in  front,  and 
the  gular  and  anal  portions  of  the  plastron  are  also  wanting.  All  the  rest  of  the 
shell  is  distinctly  shown.  It  has  been  exposed  to  a crush  which  has  altered  a little 
the  form  of  the  shell  at  the  junction  of  the  right  sterno-costal  piece  with  the  ribs, 
and  caused  a longitudinal  ‘ fault  ’ on  the  left  side  of  the  plastron  between  the  median  * 
line  and  the  keel. 


1 Vol.  I.  pp.  382-387,  pi.  XXXII.  figs.  1-3.  (1868). 
3 Gray,  ‘ Proc.  Zool.  Soc.’  1834,  j).  54,  Emys. 


2 ‘ Eec.  Geol.  Surv.  Ind.’  vol.  II.  p.  38. 
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“ The  fossil  agree  so  closely  with  'Emys  [^Pangshura]  tectum  in  size  and  general 
form  that  the  resemblance  is  observed  to  be  very  striking  at  the  first  glance.  It  has 
the  same  high-pitched,  roof-shaped  carapace,  the  same  tri tubercular  keel  occupying 
the  first  three  vertebral  plates  and  similarly  formed  plastron.” 

Thus  far  Falconer’s  description  is  very  accurate ; the  extremely  high  pitch  of 
the  fossil  carapace  is,  however,  a character  agreeing  more  nearly  with  P.  jiaviventris, 
although  it  is  exhibited  in  some  very  young  shells  of  P.  tectum}  The  1st  vertebral 
is  pentagonal,  and  as  bi'oad  behind  as  in  front : it  does  not  agree  exactly  with  the 
corresponding  plate  of  any  specimen  of  P.  tectum  that  the  writer  has  seen  (compare 
pi.  XXII.  figs.  4.  6.  7.  8.);  although  rather  more  like  that  of  P.  tentoria  (fig.  9.);  it 
has  not  the  bell-shape  chai  acterkstic  of  P.  flaviventris  (figs.  10.  11).  The  2nd  vertebral 
has  a distinct  keel,  and  is  sub-hexagonal,  elongated,  and  widest  at  a point  consider- 
ably behind  its  centre,  where  it  is  joined  by  the  1st  costal  suture  ; the  longest  lateral 
border  being  in  advance  of  the  last-named  suture  ; its  length  is  nearly  one-and-a-half 
times  that  of  the  1st  vertebral.  In  all  varieties  of  P.  tectum  that  have  come  under  the 
writer’s  notice  the  widest  point  of  the  2nd  vertebral  is  either  in  advance  of  its  centre 
(figs.  4.  6.  7.),  or  on  the  sapie  line  (fig.  8.),  and  tlie  longest  lateral  border  either 
behind  the  junction  of  the  l|t  costal  suture,  or  the  two  lateral  borders  are  of  subequal 
length:  in  no  specimen  doesithe  length  of  the  2nd  vertebral  appreciably  exceed  that 
of  the  1st,  The  2nd  vertebral  of  the  fossil  is  very  like  that  of  P.  tectum  turned  the 
reverse  way.  Very  similar  features  prevail  in  the  2nd  vertebral  of  P.  tentoria  and 
P.  flaviventris  (figs.  10.  11)  to  those  of  P.  tectum.  In  P.  smitJii  (fig.  5)  the  2nd 
vertebral  is  extremely  short,  but  the  1st  costal  suture  joins  it  behind  its  centre,  as  in 
the  fossil.  P.  sylhetensis  is  distinguished  from  the  latter  by  its  very  short  2nd 
vertebral.  The  3rd  vertebral  of  the  fossil  is  shorter  than  the  2nd,  pentagonal,  and 
narrowed  behind,  with  a well-marked  keel : it  is  joined  by  the  2nd  costal  suture  at  a 
point  far  behind  its  centre,  so  that  the  lateral  border  in  advance  of  this  suture  is 
longer  than  the  one  behind  it.  In  P.  tectum  precisely  the  reverse  of  this  arrangement 
occurs,  the  lateral  border  of  the  3rd  vertebral  in  advance  of  the  2nd  costal  suture 
being  longer  than  the  one  behind  that  suture  : — in  some  examples  (figs.  4.  6.)  this 
feature  is  very  strongly  marked,  but  to  a less  extent  in  others  (figs.  7.  8).  P. 
flaviventris  (fig.  10)  usually  agrees  very  closely  in  this  respect  with  P.  tectum.^  but  in 
the  specimen  represented  in  fig.  3 and  provisionally  referred  to  that  species  the 
backward  flexure  of  the  2nd  costal  makes  an  approach  to  the  present  specimen. 
The  3rd  vertebral  of  P.  tentoria  (fig.  9)  makes  a nearer  approach  to  the  fossil ; 
although  the  line  of  junction  between, the  2nd  and  3rd  vertebrals  is  different.  P. 
smitlii  (fig.  5),  although  differing  by  the  flattened  form  of  the  3rd  vertebral,  agrees 
in  the  relative  position  of  the  2nd  costal  suture. 

The  greatest  width  of  the  fossil  is  3 ’2,  and  its  height  1 "9  inches. 

Distinctness  and  affinities. — In  a group  like  the  present  whose  existing  members 

1 A very  young  shell  in  the  Geological  Department  of  the  British  Museum  from  Falconer’s  collection  exhibits  this 
feature.  The  1st  vertebral  is  extremely  wide  anteriorly,  and  the  2nd  hexagonal,  thereby  agreeing  with  var.  intermedium. 
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exliibit  a large  amount  of  variation,  it  is  extremely  difficult  to  come  to  a conclusion 
as  to  what  characters  in  a fossil  should  be  regarded  as  of  specific  and  what  merely 
of  individual  value.  There  seems  little  doubt  as  to  the  distinctness  of  the  present 
Siwalik  fossil  from  P.  smithi^  P.  s>flhetensis^  and  P.  jlnviventris,  as  well  as  from  the 
Siwalik  s})ecimen  provisionally  referred  to  the  latter  species  (fig.  3);  while  it  appears 
equally  distinct  from  P.  tectum — or  at  least  from  the  typical  forms  of  that  species. 
With  regard  to  P.  tentoria  there  is  perliaps  more  room  for  doubt,  and  the  writer 
would  have  liked  a larger  series  of  specimens  for  comparison.  The  high  pitch  of 
the  fossil  carapace  is,  however,  a character  exactly  the  opposite  of  that  of  the  living 
form;  while  the  relatively  backward  position  of  the  1st  costal  suture  of  the  former 
and  its  elongated  2nd  vertebral  are  not  characters  of  the  latter.  The  difference 
between  the  fossil  and  recent  forms  appears  decidedly  greater  than  that  existing 
between  P.  tectum  and  P.  tentoria,  and  in  the  writer’s  023inion  the  only  possible  way 
to  identify  the  fossil  with  a recent  species  would  be  by  regarding  P.  tectum  and  P. 
tentoria  as  varieties  of  one  sjcecies,  and  even  then  jsuch  identification  would  be 
doubtful.  In  view,  however,  of  this  uncertainty  as  to  the  right  of  the  j^resent  form 
to  specific  distinctness  it  seems  advisable  not  to  assigr'  it  any  specific  name. 

ddiat  this  Siwalik  Pangshura  is  an  ancestral  forix,  of  the  tectiform  group  of  the 
genus  is  practically  certain  ; and  its  somewhat  generalized  nature  is  perhaps  indicated 
by  the  backward  position  of  the  1st  and  2nd  costal  sutures,  which  give  indications 
of  affinity  with  the  probably  still  more  generalized  P.  smithi.  Both  P.  tectum  and  P. 
tentoria  may  well  be  descendants  of  the  present  form,  the  very  forward  position  of 
the  anterior  costal  sutures  in  many  examples  of  the  former  species  (pi.  XXII. 
figs.  4.  6.)  being  an  extremely  specialized  character;  the  latter  conclusion  being 
strengthened  by  the  backward  flexure  of  the  2nd  costal  suture  in  the  Siwalik 
specimen  provisionally  referred  to  P.  flaviventris  (fig.  3). 

Genus  III.  BATAGUR,  Gray.^ 

Including  Tetraonyx,  Lesson ; Callagur,  KacJmga,  Dhongoka,  Hardella,  and 

Cantorelta,  Gray. 

It  appears  impossible  to  draw  up  any  definition  by  which  this  genus  (at  all 
events  in  the  case  of  fossils)  can  be  satisfactorily  distinguished  from  Clemmys.  The 
species  are,  however,  usually  of  considerably  larger  size  than  those  of  the  latter. 
One  species  (P.  thurgi)  is  included  by  Dr.  Gunther  in  Clemmys  fEmys).  The  genus 
is  confined  at  the  present  day  to  the  Oriental  region ; and  the  species  noticed  in  the 
sequel  are  believed  to  be  the  first  fossil  forms  that  have  been  described. 

Number  of  species. — The  following  list  comprises  the  species  recognized  by 
Messrs.  GuntheP  and  Theobald® : — 

1 “ Catalogue  of  Shield-Eeptiles  in  Brit.  Mus.”  p.  35.  (1855). 

2 “Reptiles  of  British  India,”  pp.  .37-43. 

“ Catalogue  of  lloptiles  of  British  India,”  pp.  lU-25. 
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A.  A nuchal  plate. 

a.  ‘ith  vertebral  plate  much  longer  than  broad.^  and  narrovjer  than  ^rd. 

1.  B.  kachugaI  (Gray  Hamilton,  MS.]).  First  three  vertebral  plates  rather  broader 

than  long;  1st  hexagonal,  broadest  anteriorly;  3rd  very  short  and  broad;  nuchal 
broad  and  triangular ; vertebrals  keeled  in  young ; suture  between  postgulars  and 
pectorals  forms  an  obtuse  angle.  Hab.  Bengal,  Nipal,  Pegu,  Tenasserim,  etc. 

2.  B.  ELLIOTT,  Gray.  Only  known  by  the  young  ; and  Mr.  Theobald  suggests  it  may  be 
the  same  as  B.  kachuga.  Nuchal  plate  broad  and  triangular;  4th  vertebrals  probably 
elongate  in  adult ; vertebrals  keeled  in  young  ; suture  between  postgulars  and  pectorals 
forms  an  obtuse  angle.  Hab.  Kistna  and  (.?)  Jamna  rivers. 

3.  B.  dhongoka,  Gray  {ex  B.  Hamilton,  MS.).  1st  and  2nd  vertebrals  elongate,  the  3rd 
short  and  broad  ; nuchal  triangular  ; suture  between  postgulars  and  pectorals  straight ; 
vertebrals  keeled.  Hab.  Greater  part  of  Central  and  Upper  India. 

4.  B.  trivittatus  (Dumdril  and  Bibron).  1st  vertebral  nearly  square,  the  3rd  short  and 
broad  ; suture  between  postgulars  and  pectorals  straight ; vertebrals  keeled  in  young. 
Hab.  Pegu  and  Tenasserim. 

b.  4:th  vertebral  plate  as  broad  as  long,  and  of  equal  width  with  the  ^rd. 

5.  B.  THURGi  (Gray).  1st  vertebral  elongate,  narrower  in  front  than  behind;  4th 
hexagonal  ; nuchal  triangular  and  narrow ; vertebrals  keeled ; suture  between  post- 
gulars and  pectorals  straight ; plastron  rounded  in  adult.  Hab.  Bengal,  Indus  river,  etc. 

6.  B.  BASRA,  Gray.  First  four  vertebrals  nearly  square  ; nuchal  subquadrangular,  broader 
than  long  ; suture  between  postgulars  and  pectorals  forming  a very  obtuse  angle ; 
vertebrals  keeled  in  young.  Hab.  Pegu,  Tenasserim,  Malay  Peninsula,  Bengal,  etc.; 
generally  estuarine. 

B.  No  nuchal  plate. 

7.  B.  AFFiNis  (Cantor).  First  four  vertebrals  of  nearly  equal  length,  1st  and' 2nd  broader 
than  long,  4 th  longer  than  broad;  suture  between  postgulars  and  pectorals  forming  a 
very  obtuse  angle  ; an  uninterrupted  vertebral,  and  an  interrupted  costal  keel  in  young. 
Hab.  Malay  Peninsula,  and  perhaps  Tenasserim. 

8.  B.  PiCTUS  (Gray).  Described  from  a half-grown  specimen.  1st  vertebral  four-sided 
rather  longer  than  broad  ; 2nd,  3rd,  and  4th  hexagonal,  2nd  and  3rd  as  long  as  broad, 
4th  rather  longer  than  broad  ; traces  of  a vertebral  keel  in  young.  Hab.  Borneo. 

Species  1.  Batagur  falconeri,  n.  sp.  nobis. 

(Allied  to  Batagur  thurgi  [Grray.]) 

Type  specimen. — The  type  specimen  of  this  form  is  figured  of  one-fourth  the 
natural  size  in  plate  XXIII.  figs.  I.  la,  and  pi.  XXIV.  fig.  4 ; it  is  in  the  Cautley 
collection  of  the  British  Museum,  and  was  obtained  from  the  Siwalik  Hills.  It 
comprises  the  greater  portion  of  the  shell,  the  carapace  having  been  crushed  in  on 
the  left  side,  and  its  posterior  margin  broken  off,  while  the  plastron  has  lost  its 
anterior  and  posterior  extremities.  The  boundaries  of  all  the  plastral  plates  are 
shown ; and  the  carapace  exhibits  the  form  both  of  the  vertebral  horny  plates  and 
bony  scutes.  * The  general  contour  and  structure  of  the  specimen,  which  when 
perfect  was  about  20  inches  in  length,  leaves  no  doubt  that  it  belongs  to  the  present 

1 The  so-called  B.fuscus,  Gray,  agrees  with  this  species  in  all  the  characters  available  in  the  case  of  fossils. 
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genus,  and  the  condition  of  the  sutures  between  the  bony  scutes  indicates  its  adult 
condition.  The  nuchal  plate  forms  a narrow  triangle  : the  1st  vertebral  plate  is  belh 
shaped,  much  narrower  in  front  than  behind,  its  length  equaling  the  width  of  the 
posterior  border.  Tlie  2nd  vertebral  is  longer  than  the  1st,  and  rather  shorter  tlian 
the  3rd:  both  the  2nd  and  3rd  are  rather  longer  than  broad:  the  4th  is  hexagonal, 
much  shorter  than  the  3rd,  which  it  nearly  equals  in  breadth,  and  is  about  as  long  as 
broad.  The  anterior  and  posterior  borders  of  the  3rd  vertebral  plate  traverse  two 
vertebral  scutes  separated  by  an  intervening  third  scute  situated  in  the  centre  of  the 
plate.  The  hinder  vertebral  scutes  are  distinctly  keeled.  The  plastron  is  rounded, 
without  lateral  keels ; the  abdominal  plates  are  nearly  twice  the  length  of  the 
pectorals ; the  suture  between  the  postgulars  and  pectorals  forms  a nearly  straight 
line ; and  the  width  between  the  axillary  is  less  than  that  between  the  inguinal 
incisions.  The  shell  is  vaulted,  and  is  highest  near  the  hinder  border  of  the  2nd 
vertebral  plate;  the  ascent  from  the  anterior  margin  of  the  carapace  to  this  point 
being  very  rapid  [plate  XXIV.  fig.  4).  The  bony  scutes  of  the  shell  are  marked  by 
very  bold  areolse. 

Young  specimen. — In  the  Dublin  Museum  there  is  the  shell  of  an  emydine^  from 
the  Siwalik  Hills  (being  one  of  the  specimens  collected  by  Generals  Sir  W.  E. 
Baker  and  Sir  H.  M.  Durand^),  evidently  pertaining  to  a young  individual,  which 
not  improbably  belongs  to  the  present  species.  It  has  the  same  general  contour  as 
the  type  specimen ; and  the  vertebral  plates  agree  in  relative  proportion,  the  3rd 
vertebral  plate  having  a scute  in  its  centre  lying  between  the  two  scutes  marked  by 
the  sutures  of  the  plate.  The  1st  vertebral  plate  is  somewhat  less  narrowed  anteriorly 
than  in  the  adult ; and  there  is  an  interrupted  vertebral  keel : the  nuchal  plate  and 
the  plates  of  the  plastron  are  not  shown.  The  length  of  this  specimen  when 
complete  was  about  12  inches. 

Second  young  specimen. — In  plate  XXV.  fig.  1 . there  is  represented  of  one-half 
the  natural  size  the  greater  part  of  the  carapace  of  a young  emydine  tortoise 
collected  by  Mr.  Theobald  in  the  Siwaliks  of  Asnot,  Punjab,  which  has  such  a strong 
general  resemblance  to  the  adult  shell  described  above  that  it  not  improbably  belongs 
to  the  same  species.  Tlie  sutures  between  the  bony  scutes  are  disunited,  which  is  an 
indication  of  the  immature  condition  of  the  specimen  : the  vertebral  scutes  are  of 
the  elongated  form  characteristic  of  the  majority  of  the  emydines.  As  in  the  adult 
shell,  the  4th  and  5th  vertebral  scutes  bear  a distinct  prominence,  and  the  relation  of 
the  5th  scute  to  the  overlying  3rd  plate  is  the  same  in  both : the  immature  specimen 
also  exhibits  the  strongly  marked  areolae  so  characteristic  of  the  adult.  The  nuchal 
plate  is  unfortunately  not  shoAvn  in  the  present  sjoecimen  ; but  the  form  of  the  1st, 
2nd,  and  3rd  vertebral  plates  agrees  precisely  with  that  presented  in  the  adult.  The 
immature  carapace  is  more  depressed  than  in  the  adult,  but  this  difference  may  be 
due  merely  to  the  different  ages  of  the  two  specimens. 

Distinctness  and  afiinities. — Confining  comparisons  to  the  adult  specimen,  the 

1 Vidt  ‘ Journ,  R.  Dublin  Soc.’  ser.  2.  vol.  111.  p.  85.’.  (1884).  No.  C.  S.  ^ Ibid,  p.  70. 
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shell  of  the  present  form  appears  somewhat  more  vaulted  than  in  any  living  species 
of  the  gen, us.  The  presence  of  a nuchal  plate  differentiates  the  present  form  from 
group  B,  while  the  shortness  of  its  dth  vertebral  plate  distinguishes  it  from  the  first 
section  (a)  of  group  A ; and  there  accordingly  only  remain  B.  basJca  and  B.  thurgi 
with  which  it  can  be  compared.  From  the  former  it  is  broadly  distinguished  by  the 
shape  of  the  1st  vertebral  jDlate,  the  presence  of  a vertebral  keel,  and  the  straight 
suture  betweenThe  postgulars  and  pectorals.  With  the  latter  the  fossil  agrees  very 
closely  in  general  characters  ; nailiely,  in  the  general  shape  of  the  shell,  the  sharply 
ascending  anterior  profile,  the  general  form  of  the  nuchal  and  vertebral  plates,  the 
inclusion  of  a portion  of  three  vertebral  scutes  within  the  space  covered  by  the  3rd 
vertebral  plate,  the  straight  line  formed  by  the  suture  between  the  postgulars  and 
pectorals  ; and  the  very  distinct  areolae  on  the  carapace.  These  points  of  resemblance 
evidently  indicate  that  the  fossil  and  recent  dorms  are  closely  allied.  The  former  is, 
however,  distinguished  by  the  higher  vaulting  of  the  carapace,  the  greater  width  of 
the  shell,  and  the  greater  convexity  of  the  plastron  ; while  its  point  of  greatest 
height  is  situated  more  posteriorly  : the  nuchal  plate  is,  moreover,  narrower,  the  1st 
vertebral  decidedly  bell-shaped,  and  the  vertebral  keel  much  less  distinctly  marked 
on  the  anterior  portion.  It  is  difficult  to  decide  whether  these  differences  should  be 
regarded  as  of  specific  or  varietal  value  ; but  as  the  multiplication  of  varietal  names 
seems  inadvisable,  and  as  it  is  desirable  to  mark  the  Siwalik  form  by  a distinct  name, 
it  is  regarded  as  a species,  which  it  is  proposed  to  term  Balagur  falconeri. 

This  species  may  be  pretty  safely  regarded  as  the  ancestor  of  B.  thurgi ; and 
the  more  vaulted  shell  of  this  and  next  Siwalik  species  perhaps  indicates  a closer 
affinity  between  the  fossil  species  of  Balagur  and  certain  species  of  Clemmgs  {e.g. 
C.  palceindica  and  C.  hamiltoni)  than  exists  between  the  living  representatives  of  the 
two  genera. 

Cranium  provisionally  referred  to  this  species. — The  difficulty  of  specifically 
correlating  the  crania  and  shells  of  fossil  tortoises  when  there  is  a,  considerable 
number  of  species  belonging  to  the  same  genus  is  extremely  great,  but  in  the  case 
of  the  specimen  to  be  now  noticed  there  is  a very  strong  presumption  for  its  reference 
to  the  present  species. 

The  cranium  represented  of  three-fourths  the  natural  size  in  plate  XXV.  figs. 
2.  2a.  2b.  was  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  Asnot,  and  is  in  a 
very  perfect  state  of  preservation  ; its  chief  injuries  being  the  loss  of  the  extremity 
of  the  supraoccipital  spine,  of  the  alveolar  border  of  the  right  maxilla,  and  several 
fractures  of  the  fronto-parietal  region.  If  the  figures  of  the  fossil  cranium  be 
compared  with  those  of  the  skulls  of  four  species  of  Batagur  given  in  Gray’s 
“ Supplement  to  the  Catalogue  of  Shield-Reptiles,”  pt.  I.  pp.  52,  54,  55,  and  59, 
there  will  be  no  doubt  that  the  former  belongs  to  the  present  genus.  A closer 
comparison  will  also  show’'  that  it  is  with  the  cranium  of  Batagur  thurgi.,  rather  than 
with  any  of  the  other  species,  that  the  fossil  specimen  agrees.  Gray  describes  the 
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skull  of  tlie  living  species  in  the  following  words,  vis.: — “ Edge  of  the  beaks  very 
strongly  dentated ; the  upper  with  a notch,  with  a ‘ tooth  ’ on  each  side  of  it. 

The  skull  solid  with  the  alveolar  process  very  wide  ; the  upper  Jaw  with  a slightly 
elevated,  narrow,  dentated  [palatal]  ridge,  separated  in  front  by  a large  deep  pit, 
which  has  a sharp-edged  longitudinal  keel  behind  it.”  This  description  applies 
exactly  to  the  fossil : — the  strongly  serrated  alveolar  margin  of  the  maxilla  is  well 
exhibited  on  the  left  side,  and  both  sides  show  the  prominent  premaxillary  process 
described  by  Gray  as  a tooth,  with  the  intervening  median  notch.  The  palatal 
ridge,  although  somewhat  abraded,  is  still  distinctly  seen,  and  the  median  pit,  nearly 
filled  with  matrix,  can  be  easily  distinguished : the  longitudinal  ridge  behind  the  pit 
has,  however,  been  broken  away.  In  general  contour  the  fossil  and  recent  crania 
agree  very  closely,  but  the  orbit  of  the  former  is  more  elliptical  than  that  of  the 
latter. 

Bearing  in  mind  the  close  resemblance  presented  by  the  shell  of  Batagur  falconer i 
to  that  of  B.  tlmrgi  there  is  a very  strong  presumption  that  the  fossil  cranium  belongs 
to  the  former  sj^ecies ; and  in  any  case  it  indicates  a closely  allied  form.  The 
cranium  is  of  relatively  large  size,  and  may  have  belonged  to  a somewhat  larger 
individual  than  the  type  shell  of  B.  falconeri.  Its  length  from  the  occipital  condyle 
to  the  extremity  of  the  premaxilla  is  4'2,  and  the  width  between  the  external  surfaces 
of  the  quadrates  3-8  inches. 

Distribution. — Assuming  that  at  least  one  of  the  two  Punjab  specimens  described 
above  belongs  to  B.  falconeri  the  range  of  that  species  extended  from  the  typical 
Siwalik  Hills  (Ganges-Jamna  basin)  to  the  Punjab  (Indus  basin).  The  existing  B. 
thurgi  is  likewise  found  in  both  these  basins.^ 

Species  2.  Batagur  bakeri,  n.  sp.  nobis. 

(Allied  to  Batagur  Jcachuga  [Gray.]) 

Shell. — A second  species  of  Siwalik  Batagur  is  indicated  by  a fairly  complete 
shell  presented  to  the  British  Museum  by  the  late  General  Sir  W.  E.  Baker,  which  is 
represented  of  oneYourth  the  natural  size  in  plate  XXIII.  figs.  2.  2a.,  and  pi.  XXIV. 
fig.  5.  The  carapace  is  broken  off  across  the  4th  vertebral  plate  : it  exhibits  the 
boundaries  of  the  vertebral  and  costal  plates  as  far  back  as  the  hinder  part  of  the 
4th  vertebral,  and  also  shows  the  sutures  of  the  vertebral  scutes,  the  condition  of 
these  sutures  indicating  an  adult  individual.  The  plastron  is  perfect  as  far  back  as 
the  border  of  the  preanal  plates,  and  shows  the  boundaries  between  all  the  plates  in 
advance  of  this  point. 

The  specimen  is  nearly  of  the  same  size  as  the  type  shell  of  B.  falconeri  (fig.  1), 
and  as  there  is  a very  important  structural  difference  between  the  two  it  will  be  well 
to  indicate  this  before  proceeding  to  the  more  detailed  description.  It  will  be 
remembered  that  in  the  former  species  the  space  enclosed  by  the  boundaries  of  the 

1 Vide  Theobald,  “ Catalogue  of  Reptiles  of  British  India,”  p.  24. 
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3rd  vertebral  plate  includes  a vertebral  bony  scute  situated  between  two  other  scutes 
respectively  impressed  by  the  fore-and-aft  boundaries  of  the  plate : in  the  present 
specimen  the  two  vertebral  scutes  so  marked  are  contiguous,  and  of  an  extremely 
elongated  form.  This  important  difference  clearly  indicates  the  specific  distinctness 
of  the  present  specimen  from  B.  falconeri ; and  also  from  the  living  B.  thurgi  and  B. 
baska,  in  which  the  same  feature  exists.  The  writer  has  been  unable  to  observe  the 
relations  of  the  vertebral  bony  scutes  to  the  3rd  vertebral  plate  in  all  the  living 
species,  but  he  finds  that  in  B.  Imchuga^  B.  trivUtatiis,  and  B.  dhongoJca  their  relations 
are  the  same  as  in  the  fossil  now  under  consideration,  and  it  may,  therefore,  be 
concluded  that  this  condition  prevails  in  all  the  species  having  a long  4th  vertebral 
plate  (section  a of  group  A) ; while  the  opposite  condition  is  known  to  obtain  in 
those  species  having  a nuchal  plate  and  a short  4th  vertebral  (section  J),  and  not 
improbably  also  occurs  in  group  B. 

The  specimen  under  consideration  also  differs  from  B.  falconeri,  in  the  form  of 
the  nuchal  and  1st  vertebral  plates,  as  well  as  in  the  profile  of  the  shell,  the  absence 
of  a vertebral  keel,  and  of  distinct  areolae  on  the  carapace. 

The  carapace  is  strongly  vaulted,  although  to  a somewhat  smaller  extent  than  in 
the  last  species  ; the  highest  point  of  the  shell  is  situated  near  the  middle  ; and  in  a 
profile  view  (pi.  XXIV.  fig.  5)  the  ascent  from  the  anterior  border  of  the  carapace  to 
this  point  is  very  gradual.  The  nuchal  plate  forms  a broad  triangle : the  1st 
vertebral  plate  is  nearly  square,  and  as  long  anteriorly  as  posteriorly ; the  2nd  is 
longer  than  either  the  1st  or  3rd,  and  is  also  nearly  square ; the  3rd  is  broader  than 
long  ; the  4th  is  much  narrower  than  the  3rd  ; its  posterior  boundary  is  unfortunately 
not  shown,  but  judging  from  the  shape  of  the  anterior  portion,  and  the  relation  of 
the  3rd  plate  to  the  underlying  scutes  it  is  evident  that  it  was  of  the  elongated  type 
of  B.  kachuga  and  B.  dhongoJca.  The  plastron  is  rounded,  the  sutures  separating  the 
postgulars  and  pectorals  forming  a very  obtuse  angle ; both  the  postgulars  and 
abdominals  are  longer  than  the  pectorals ; and  the  inguinal  incisions  are  separated 
by  a wider  interval  than  are  the  axillary.  There  is  no  trace  of  any  vertebral  keel. 

Distinctness  and  affinities. — The  specimen  under  consideration  is  distinguished 
from  the  living  species  of  group  B by  the  presence  of  a nuchal  plate ; and,  as 
mentioned  above,  from  section  b of  group  A by  the  relations  of  the  3rd  vertebral 
plate  to  the  underlying  scutes,  as  well  as  by  the  elongated  4th  vertebral  plate.  In 
section  a of  the  latter  group  the  present  form  is  distinguished  from  B.  dhongoJca  and 
B.  trivittatus  by  the  obtuse  angle  formed  by  the  suture  between  the  postgular  and 
pectoral  plates ; and  there  accordingly  only  remain  B.  JcacJmga  and  B.  ellioti  with 
which  it  can  have  any  affinity.  As  far  as  concerns  the  latter  it  can  only  be  said  that 
the  young  is  characterized  by  the  extreme  breadth  of  the  2nd  and  3rd  vertebrals, 
which  are  not  characters  found  either  in  the  specimen  under  consideration  or  in  the 
adult  of  B.  JcacJmga.  The  present  form  agrees  with  the  latter  species  in  the  general 
form  of  the  nuchal  and  vertebral  plates,  and  of  the  profile  of  the  shell ; it  also 

1 The  sioecimen  in  the  British  Museum  showing  this  belongs  to  the  so-called  B.  fuscus. 
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agrees  in  tlie  obtuse  angle  formed  by  tlie  suture  between  the  postgular  and  j)ectoral 
jolates,  in  the  absence  of  a vertebral  keel  in  the  adult,  in  the  rounded  plastron  of  the 
adult,  and  in  the  proportionate  length  of  the  inguinal  and  axillary  incisions.  The 
recent  species  differs  by  its  decidedly  more  depressed  shell,  tlie  highest  point  of 
which  is  placed  somewhat  more  anteriorly  ; the  nuchal  jdate  is,  moreover,  somewhat 
narrower,  the  1st  and  2nd  vertebrals  more  narrowed  at  their  junction,  the  3rd  more 
distinctly  hexagonal,  the  4th  somewhat  more  narrowed  anteriorly,  and  the  angle 
formed  by  the  suture  between  the  postgulars  and  pectorals  more  obtuse. 

Tliat  the  present  form  is  closely  allied  to  B.  kacJmga,  of  which  it  may  probably 
be  considered  the  ancestral  form,  there  seems  no  reasonable  doubt ; and  as  in  the 
case  of  B.  falconeri  the  question  arises  whether  to  consider  the  Siwalik  form  as  a race 
or  a sj^ecies.  The  view  taken  in  the  one  case  must.be  adoj^ted  in  the  other,  and  the 
present  form  is  therefore  regarded  as  a species,  which,  in  honour  of  the  collector  of 
the  type  specimen,  it  is  proposed  to  designate  Batagur  hakeri. 

Distribution. — As  above-mentioned,  the  one  specimen  on  which  this  species  is 
founded  was  obtained  from  the  typical  Siwalik  Hills.  The  range  of  the  existing  B. 
kachuga  covers  that  of  the  fossil. 

Species  3.  Batagur  dueandi,  n.  sp.  nohis. 

(Allied  to  Batagur  dhongoka,  Gray.). 

Shell. — This  third  Siwalik  species  of  Batagur  is  founded  on  a shell  from  the 
Siwalik  Hills  presented  to  the  British  Museum  by  Col.  Sir  P.  T.  Cautley,  and  figured 
of  one-fourth  the  natural  size  in  plate  XXIV.  fig.  2.  The  specimen  comprises  the 
greater  part  of  the  carapace,  which  shows  the  boundaries  of  the  greater  number  of 
the  bony  scutes,  as  well  as  those  of  most  of  the  overlying  plates  : the  greater  part 
of  the  plastron  is  also  preserved,  but  since  it  does  not  show  the  form  of  the  plates  it 
has  not  been  figured.  Tlie  condition  of  the  sutures  indicates  a subadult  specimen ; 
and  the  length  of  the  shell  is  about  16  inches. 

The  shell  is  of  an  extremely  depressed  form,  very  like  that  of  the  existing  B. 
dhongoka^  by  which  character  alone  it  is  widely  distinguished  from  the  two  preceding 
species.  The  suture  between  the  postgular  and  pectoral  plates  was  probably  straight ; 
the  xiphiplastron  is  notched,  although  less  deeply  than  in  B.  dhongoka.  The  1st 
vertebral  plate  is  of  an  elongated  bell-shape,  and  very  narrow  anteriorly  ; the  2nd 
and  3rd  vertebral  plates  are  elongated,  the  hinder  border  of  the  second  being 
produced  into  a long  projection  formed  by  a keel  in  the  underlying  scute,  and 
penetrating  far  into  the  3rd  plate  ; the  latter  bears  the  same  relation  to  fhe  under- 
lying scutes^  as  obtains  in  B.  dhongoka  and  the  other  members  of  section  a of  group 

A.  Of  the  4th  vertebral  plate  only  the  anterior  half  is  shown;  its  junction  with  the 
3rd  vertebral  is  narrow,  and  the  lateral  borders  of  the  anterior  half  diverge 
posteriorly,  and  indicate  tliat  this  plate  was  of  the  elongate  form  characteristic  of 

B.  dhongoka  and  its  allies.  The  posterior  border  of  the  1st  costal  suture  commences 

1 Vide  nil jira,  i).  191. 
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near  the  anterior  border  of  the  2nd  vertebral  plate,  and  then  bends  backwards  for 
, some  distance,  till  it  finally  pursues  a course  at  right  angles  to  the  long  axis  of  the 
shell.  The  nuchal  region  of  the  specimen  is  broken  away,  but  from  the  analogy  in 
general  structure  to  B.  dhongolca  it  is  probable  that  a nuchal  plate  existed : the  divided 
pygal  plates  are  distinctly  shown.  There  is  a well-marked  interrupted  vertebral 
keel  throughout  the  length  of  the  carapace  ; the  keel  forming  marked  prominences  at 
the  hinder  terminations  of  the  2nd  and  3rd  vertebral  plates. 

Distinctness  and  affinities. — The  general  structure  of  the  present  specimen  indicates 
that  its  affinity  is  with  section  a of  group  A (table  on  p.  187).  The  probable 
straightness  of  the  sutnre  between  the  postgulars  and  pectorals  differentiates  it  from 
B.  hacliuga  and  B.  ellioti  ] from  both  of  which  it  is  also  distinguished  by  the  elongation 
and  peculiar  form  of  the  first  three  vertebral  plates  ; and  from  the  former  by  the 
deeply  notched  xiphiplastron.  With  B.  dhongolca  and  B.  trivittatus  the  specimen 
probably  agrees  in  the  direction  of  the  postgulo-pectoral  suture.  From  the  lattel’ 
it  is  distinguished  by  the  elongation  of  the  1st  and  3rd  vertebral  plates  ; but  with 
the  former  its  affinity  appears  much  closer.  It  is  true  that  the  3rd  vertebral  plate  of 
B.  dhongolca  is  short,  and  not  deeply  interpenetrated  by  the  2nd,  but  there  is  the 
rudiment  of  such  an  arrangement  in  many  specimens ; and  the  shape  of  the  1st  and 
4th  vertebral  plates  is  very  similar  in  the  recent  and  fossil  forms,  which  also  agree 
in  the  notched  xiphiplastron,  and  in  the  keeled  vertebral  scutes,  in  which  knobs  are 
formed  at  the  posterior  terminations  of  the  2nd  and  3rd  vertebral  plates.  There  is 
also  a close  general  resemblance  in  the  contour  of  the  shells  of  the  recent  and  fossil 
forms  ; but  the  latter  is  still  more  depressed.  The  peculiar  form  of  the  1st  and  2nd 
vertebral  plates  in  the  fossil  affords  ample  grounds  for  specifically  distinguishing  it 
from  B.  dhongolca ; and  it  is  proposed  that  it  should  be  called  Batagur  du7'andi,  in 
honour  of  Gren.  Sir  H.  M.  Durand,  the  associate  of  Sir  E.  M.  Baker  in  the  early 
collection  of  the  fossils  of  the  Siwalik  Hills. 

That  B.  durandi  belongs  to  the  ancestral  group  from  which  the  living  B.  dhongolca 
took  origin  there  can  be  no  reasonable  doubt ; but  it  is  not  so  clear  whether  the  one 
form  is  the  direct  lineal  parent  of  the  other. 

Species  4.  Batagur  {cf.  dhongoka,  Gray^  [_ex  B.  Ham.  MS.]) 

First  notice  of  prohahle  occurrence  in  Farbadas. — The  specimen  noticed  below, 
which  was  obtained  from  the  pleistocene  of  the  Narbada  valley,  was  described  and 
figured  by  Stoliczka^  and  is  now  in  the  Indian  Museum. 

Fart  of  plastron. — The  specimen  in  question  consists  of  a part  of  the  right 
hypo,-  and  xiphiplastron,  exhibiting  the  boundaries  of  the  epidermal  plates.  Stoliczka 
observes  that  the  “ form,  the  flat  surface  and  the  outlines  of  the  junction  of  the 
abdominal  and  preanal  shields  [plates],  of  the  inguinal  and  of  the  adjoining  marginal 
on  the  external  side,  entirely  agree  with  the  form  of  the  same  shields  of  the  recent 

1 “ Illustrations  of' Indian  Zoology,”  vol.  II.  pi.  LX.  (1830-32). 

^ ‘ Rec.  Geol.  Surv,  Ind.’  vol.  II.  p.  39.  pi.  I.  fig.  3. 
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Batagiir  dhongoka.  Further  materials  are,  however,  necessary  to  show  whether  this 
supposed  identification  be  correct.” 

Species  5.  Batagur  cautleyi,  n.  sp.  nobis. 

Type  specimen. — A fourth  species  of  Siwalik  Batagur  is  indicated  by  a fairly 
perfect  shell  in  the  British  Museum,  obtained  from  the  Siwalik  Hills,  and  presented 
to  the  Museum  by  Dr.  Falconer;  this  specimen  is  figured  of  one-sixth  the  natural 
size  in  plate  XXIV.  figs.  1.  la.  Superiorly  it  shows  the  boundaries  between  the 
plates,  but  the  sutures  between  the  underlying  scutes  are  only  partially  visible  ; the 
plastron  shows  neither  the  boundaries  of  the  plates  nor  the  sutures  between  the 
scutes,  and  has  not,  therefore,  been  figured ; the  specimen  is  broken  off  posteriorly 
at  the  hinder  part  of  the  5th  vertebral  plate.  When  complete  the  length  of  the 
shell  must  have  been  about  25  inches ; and  it  is  of  very  considerably  larger 
dimensions  than  the  adult  shells  of  either  of  the  three  preceding  Siwalik  species. 
It  is  readily  distinguished  from  B.  falconeri  and  B.  haheri  by  its  extremely  depressed 
form,  the  gentle  ascent  of  the  profile  of  the  anterior  portion,  and  the  concave  profile 
of  the  posterior  extremity ; in  its  depressed  form  it  agrees  with  B.  durandi^  but  is 
otherwise  very  distinct. 

The  shell  is  highest  slightly  in  advance  of  its  middle  point.  The  1st  vertebral 
plate  makes  an  approach  to  a bell-shape,  being  somewhat  narrower  before  than 
behind  ; it  is  longer  than  broad,  and  is  considerably  shorter  than  the  2nd.  Both  the 
2nd  and  3rd  vertebrals  are  elongate,  but  the  latter  is  much  longer  than  the  former. 
The  4th  vertebral  is  much  shorter  than  the  3rd,  and  is  of  nearly  equal  breadth  at 
the  line  of  junction  ; it  is  hexagonal  in  shape,  and  its  breadth  and  length  are  nearly 
equal.  There  is  a very  distinct  interrupted  vertebral  keel,  the  prominences  of  which 
do  not  coincide  with  the  posterior  terminations  of  the  vertebral  plates.  The  relation 
of  the  3rd  vertebral  plate  to  the  underlying  scutes^  is  the  same  as  that  obtaining  in 
B.  tliurgi  and  B.  basJca,  and  probably  in  B.  affinis.  There  is  no  trace  of  any  nuchal 
plate. 

Second  specimen. — The  shell  of  a large  Batagur  from  the  Siwalik  Hills  in  the 
Indian  Museum  (No.  E 178)^  agrees,  as  far  as  the  writer  can  recollect,  in  general 
contour  with  the  preceding  specimen,  and  may  not  improbably,  therefore,  belong  to 
the  same  species. 

Distinctness  and  abilities. — The  shortness  of  the  4th  vertebral  plate,  and  the 
relations  of  the  3rd  vertebral  plate  to  the  underlying  scutes  distinguishes  the  present 
form  from  the  species  ranged  in  section  a of  group  A in  the  table  on  page  187  ; and 
as  the  nuchal  plate  appears  to  have  been  absent  its  affinities  are  probably  with  group 
B,  rather  than  with  section  h of  group  A.  It  may,  however,  be  observed  that  of  the 

1 Vide  supra,  ■p.  191. 

2 On  account  of  the  excessive  weight  of  this  specimen  its  transport  to  England  was  deemed  inadvisable.  For  the  same 
reason  another  specimen  in  the  Indian  Museum  (No.  E 176)  from  the  Siwaliks  of  the  Rurki  district  was  not  sent.  The  latter 
has  a highly  vaulted  carapace,  and  may  perhaps  belong  to  B.  hakeri. 
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two  species  included  in  the  latter  section  B.  hasJca  is  distinguished  by  the  absence  of 
a vertebral  keel  in  the  adult,  by  its  very  broad  1st  and  short  2nd  vertebral  plates,  as 
well  as  by  the  absence  of  the  concavity  in  the  profile  of  the  hinder  portion  of  the 
carapace.  The  contour  of  the  shell  of  B.  thurgi  is  totally  different,  and  the  2nd  and 
3rd  vertebrals  are  relatively  shorter.  Of  the  species  without  a nuchal  plate  B.  f ictus 
is  distinguished  by  its  short  2nd  and  3rd  vertebral  plates,  while  B.  affinis  differs  by 
the  4th  vertebral  plate  being  somewhat  longer  than  broad,  and  the  1st  and  2nd 
broader  than  long,  as  well  as  by  the  total  absence  of  a vertebral  keel  in  the  adult. 

These  comparisons  indicate  the  specific  distinctness  of  the  present  form  from  all 
the  living  species,  and  since  the  shape  of  the  vertebral  plates  widely  distinguishes  it 
from  B.  durandi  (with  which  alone  of  the  preceding  three  Siwalik  species  it  agrees  in 
the  depressed  shell)  it  appears  entitled  to  rank  as  a distinct  species,  for  which  the 
name  of  Batagur  cautleyi  is  proposed. 

The  affinities  of  this  species  are  apparently  nearer  to  B.  affinis  and  B.  pictus 
than  to  any  other  existing  form,  but  the  relationship  does  not  seem  so  close  as  to 
indicate  decisively  that  either  of  these  species  is  the  lineal  descendant  of  the  fossil. 

List  of  species  of  Batagur. 

The  following  list  indicates  the  relations  of  the  recent  and  fossil  species  of  the 
genus : — 

A.  A nuchal  plate. 

a.  4:th  vey'tehral plate  elongated. 


1. 

B. 

KACHUGA  (Gray  [ex  B.  Ham.]). 

Recent. 

2. 

B. 

ELLiOTi,  Gray.  Recent. 

3. 

B. 

BAKERi,  nobis.  Pliocene. 

4. 

B. 

DHONGOKA,  Gray  {ex  B.  Ham.). 

Recent  and  {})  Pleistocene 

5. 

B. 

DURANDI,  nobis.  Pliocene. 

6. 

B. 

TRiviTTATUS  (Dum.  and  Bib.). 

Recent. 

Wb  vertebral  plate  short. 

7. 

B. 

THURGI  (Gray).  Recent. 

8. 

B. 

FALCONERi,  nobis.  Pliocene. 

9. 

B. 

BASRA,  Gra\'.  Recent. 

■ B.  No  nuchal  plate. 

10.  B.  CAUTLEYI,  nohis.  Pliocene.  {Nuchal probably  absent.') 

11.  B.  AFFINIS  (Cantor).  Recent. 

12.  B.  PICTUS  (Gray).  Recent. 

Genus  non.  det. 

{cf.  Geoemyda.,  Gray.) 

Nuchal  scute. — In  plate  XXIV.  fig.  3,  there  is  represented,  of  one-third  the 
natural  size,  the  dorsal  aspect  of  the  nuchal  scute  of  a large  emydine  tortoise 
apparently  distinct  from  all  the  forms  described  above,  which  was  collected  by  Mr. 
Theobald  in  the  Siwaliks.of  the  Punjab.  The  specimen  shows  the  boundaries  of 

the  nuchal  horny  plate,  the  inner  half  of  the  1st  marginal  of  either  side,  the  anterior 

K 
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half  of  the  1st  vertebral,  and  tlie  antero-internal  angles  of  the  1st  costal.  The 
carapace  was  evidently  much  depressed,  and  indicates  an  animal  about  the  size  of 
large  individuals  of  Batagur  hasJca. 

The  nuchal  plate  forms  an  isosceles  triangle,  and  tapers  to  a point  on  the  anterior 
margin  of  the  carapace,  expanding  again  very  widely  on  the  ventral  surface  of  the 
latter  : its  posterior  margin  is  indented  by  a blunt  projection  from  the  1st  vertebral 
plate.  The  latter  was  apparently  subhexagonal,  and  almost  certainly  longer  than 
broad:  its  remaining  borders  are  curiously  sinuated,  and  the  anterior  border  projects 
considerably  in  advance  of  the  costo-marginal  suture.  There  is  no  trace  of  a keel 
on  the  remaining  half  of  the  1st  vertebral  plate ; and  the  anterior  border  of  the 
specimen  is  deeply  concave.  The  extreme  length  of  the  nuchal  plate  is  2*3,  and  the 
width  of  the  1st  vertebral  between  the  costo-marginal  sutures  3 '25  inches. 

Distinctness  and  affinities. — The  concavity  of  the  anterior  margin  of  the  carapace 
distinguishes  the  present  specimen  from  all  the  recent  and  fossil  species  of  Batagur. 
The  specimen  indicates  an  animal  considerably  larger  than  any  existing  Indian 
species  of  Glemmys^  Terrapene^  or  Cgclemgs ; wliile  by  the  elongated  form  of  the 
1st  vertebrals  it  is  distinguished  from  Testudo.  Compared  with  Geoemyda  grandis^ 
there  are  very  considerable  points  of  resemblance : thus  in  both  forms  the  anterior 
border  of  the  carapace  is  concave,  the  nuchal  plate  is  triangular  with  an  excavated 
posterior  border,  and  the  borders  of  the  1st  vertebral  plate  are  sinuous.  The  fossil 
presents  no  trace  of  the  flat  vertebral  ridge  of  G.  grandis^  but  the  writer  is  unaware 
how  mucli  this  would  show  if  the  horny  plates  were  removed ; and  it  is  absent  in 
the  Siamese  G.  impressa,  Giinther.^  That  the  fossil  is  specifically  distinct  from  the 
former  species  (which  attains  a length  a little  short  of  18  inches)  is  pretty  evident, 
but  the  writer  inclines  to  the  opinion  that  the  two  are  allied,  and  perhaj)s  generically 
identical,  since  the  same  marked  concavity  of  the  anterior  border  of  the  nuchal 
scute  obtains  in  G.  impressa.  More  perfect  specimens  of  the  fossil  form  are,  however, 
needed  before  anything  definite  can  be  determined ; and  the  present  is  one  of  those 
numerous  instances  so  provoking  to  the  vertebrate  palaeontologist  where  a specimen, 
through  its  imperfections,  throws  only  a faint  glimmer  of  light  on  the  affinity  of  the 
animal  to  which  it  belonged. 

Family  III.  TBIONYCHID^. 

Shell  much  depressed,  covered  with  a soft  continuous  skin. 

Genus  I.  EMYDA,  Gray.^ 

Shell  partly  ossified,  with  a rim  of  free  marginal  scutes,  and  covered  with  a 
shagreen-like  sculpture  ; the  plastron  has  five  rugose  callosities. 

The  genus  is  confined  to  India,  Burma,  etc.;®  but  is  represented  in  Africa  by 

1 In  the  maj  ority  of  species  the  anterior  border  of  the  carapace  is  not  concave,  although  this  is  occasionally  so  ( 0.  mgricans) . 

2 Including  Cuora,  Gray.  3 Yide  Gunther,  “Eeptiles  of  British  India,”  pi.  I. 

-i  ‘ Proc.  Zool.  Soc.’  1882,  p.  344.  5 “ Catalogue  of  Tortoises  in  British  Museum,”  p.  46  (1844). 

I 3 The  so-called  Awyifa  sfwcyatosis belongs  to  Cgclunuslcus,  “ Supplement  to  Catalogue  of  Shield-Keptiles,”  pt.  I.p.  111. 
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the  allied  Cijclanosteus,  in  which  there  are  no  marginal  scutes  to  the  carapace,  and 
the  ossified  scutes  of  tlie  plastron  are  widely  different.  The  Indian  forms  have  been 
referred  to  two  species  under  the  names  of  E.  granosa  (iShoepfP.),  and  E.  vittata^ 
Peters  ; the  latter  being  distinguished  from  the  former  merely  by  the  larger  size  of 
the  azygos  entoplastral  callosity,  which  Dr.  Gunther  is  indisposed  to  consider  as  a 
specific  character.  The  Pegu  form^  has  been  referred  to  a distinct  species  under  the 
name  of  E.  scutata,  Peters,  which  differs  from  E.  granosa  only  by  its  colouring.  In 
his  latest  work®  Mr.  Theobald  refers  the  latter  species  to  E.  vittata. 

A.  Nuchal  scute  convex  anteriorly^  and  ossifying  from  two  centres. 

Species  1.  Emyda  vittata,  Peters.^ 

Syn.  E.  ceylonensis,  Gray.® 

History  of  Siwalik  form. — The  question  whether  the  living  form  should  be 
' regarded  as  a distinct  species,  or  merely  as  a race  of  E.  granosa,  has  been  alluded  to 
in  the  preceding  paragraph.  The  first  record  of  the  occurrence  of  the  species  in  a 
fossil  state  in  India  occurs  in  a memoir  by  the  present  writer®  published  in  1880. 
FalconeP  had,  however,  previously  recorded  the  occurrence  of  the  genus  in  the 
Siwaliks  of  Burma. 

Shell. — The  specimen  on  which  the  foregoing  identification  was  founded  was 
, obtained  from  the  Siwalik  Hills  and  was  presented  to  the  British  Museum  by  the 
late  General  Sir  W.  E.  Baker : it  comprises  the  entire  shell,  with  the  exception  of 
most  of  the  marginal  scutes,  and  also  shows  some  of  the  limb-bones.  The  carapace 
is  a good  deal  obscured  by  closely  adhering  matrix,  and  as  no  characteristic  features 
are  shown  it  has  not  been  figured  : the  plastral  aspect  of  the  shell  is,  however,  very 
perfect,  and  is  represented  of  one-half  the  natural  size  in  plate  XXVI.  fig.  1.  The 
six  paired  plastral  callosities  correspond  exactly  with  those  of  the  two  living  species ; 
and  the  azygos  median  callosity  is  of  the  relatively  large  size  characteristic  of  E. 
vittata.^  The  pair  of  anterior  epiplastral  callosities  form  a rather  more  open  angle 
at  their  posterior  junction  than  is  usual  in  the  living  form,  but  this  feature  is  not 
found  in  the  next  specimen,  and  in  any  case  can  scarcely  be  deemed  a specific 
character,  and  as  no  other  differences  can  be  detected  between  the  fossil  and  the 
living  form  the  former  may  be  referred  to  E.  vittata,  apart  from  the  question  whether 
the  latter  be  more  than  a race  of  E.  granosa.  The  fossil  specimen  indicates  an 
individual  with  a shell  of  about  1 0 inches  in  length  ; the  living  race  according  to 
Mr.  Theobald  attaining  a length  of  13 *5  inches.  The  sculpture  of  the  fossil  agrees 

1 Syn.  E.  ceylonensis,  G:va,y.  2 Theobald,  “ Catalogue  of  Eeptiles  of  British  India,”  p.  32. 

3 ‘‘Burma,  its  People  and  Productions,  etc.,”  vol.  I.  p.  341  (1882). 

4 ‘ MonatsL.  k.  Ak.  preuss.  Wiss.’  1854.  p.  216.  5 ‘ Proc.  Zool.  Soc.’  1855,  p.  201. 

6 ‘ Journ.  As.  Soc.  Beng.’  vol.  XLIX.  pt.  2.  p.  17. 

7 “ Catalogue  of  Fossil  Vertehrata  in  Mus.  As.  Soc.  Bengal,”  pp.  32,  33  (1852).  The  genus  is  here  mentioned  as  a sub- 
genus of  Trionyx  under  the  name  of  Cryptopus. 

3 Compare  the  specimen  figured  in  Gray's  “ Catalogue  of  Shicld-lteptiles,”  pt.  I.  pi.  XXIXa.  [E.  ceylonensis). 


198—44  INDIAN  TEETIARY  AND  POST-TERTIARY  VERTEBRATA. 


precisely  with  that  of  recent  specimens,  consisting  of  tubercles  not  arranged  in 
distinct  lines,  of  conical  form  near  the  periphery  of  the  carapace,  but  irregular  on 
and  near  the  median  line  : there  is  a tendency  to  a concentrically  linear  arrangement 
of  the  tubercles  on  the  plastral  callosities.  The  nuchal  scute  apparently  agrees 
precisely  in  form  with  that  of  the  living  forms. 

Second  specimen. — Another  shell  in  the  British  Museum  (No.  39833),  also  from 
the  Siwalik  Hills,  exhibits  the  greater  part  of  the  carapace,  and  the  plastron  which 
has  been  crushed  in.  The  azygos  entoplastral  callosity  is  unfortunately  wanting, 
but  since  the  shell  agrees  precisely  in  other  respects  with  the  figured  specimen  it  may 
very  probably  be  referred  to  the  same  species.  The  anterior  paired  plastral  callosities 
form  a less  open  angle  at  their  posterior  junction  than  in  the  figured  specimen,  and 
thereby  agree  with  the  living  form.  The  two  fossil  specimens  agree  very  closely 
in  respect  of  size. 

Xipliiplastral  callosity  provisionally  referred  to  this  species. — A specimen  of  a right 
posterior,  or  xiphiplastral,  callosity  in  the  Indian  Museum  (No.  E 144),  obtained  by 
Mr.  Theobald  from  the  Siwaliks  of  the  Punjab,  agrees  in  size  and  the  structure  of 
the  sculpture  Avith  the  corresponding  callosity  of  full-sized  existing  specimens  of 
Emyda,  and  may,  therefore,  be  provisionally  referred  to  the  present  species.  The 
relation  of  the  rugose  callosity  to  the  underlying  xiphiplastron  indicates  that  the 
specimen  belonged  to  a fully  adult  individual ; its  longer  diameter  measures  2T  inches. 

Anterior  marginal  scute  provisionally  referred  to  this  species. — In  plate  XXVI.  figs.  4. 
4a.  there  is  represented  from  the  dorsal  and  posterior  aspects  a specimen  of  the  right 
anterior  marginal  scute  of  an  Emyda,  also  obtained  by  Mr.  Theobald  from  the  Siwaliks 
of  the  Punjab.  The  specimen  agrees  exactly  in  general  form  and  the  structure  and 
arrangement  of  the  sculpture  with  the  corresponding  scute  of  the  recent  forms.  As 
its  extreme  length  is  2’45  inches,  and  the  length  of  the  corresponding  scute  of  a 
specimen  of  E.  granosa.,  of  which  the  carapace  measures  6 inches  in  length,  is 
1'2  inches,  the  specimen  would  agree  in  relative  size  with  a full-sized  individual  of 
E.  vittata,  and  may,  therefore,  be  provisionally  referred  to  the  present  species.  As 
particular  characters  of  this  form  of  scute  it  may  be  observed  that  there  is  a groove 
along  the  whole  of  the  posterior  border  (figure  4a.fi  for  cartilaginous  union  with 
the  adjacent  marginal  scute;  and  that  on  the  dorsal  aspect  (fig.  4fi  the  sculpture 
does  not  extend  up  to  the  inner  border,  while  it  does  so  extend  on  the  ventral 
aspect.  On  the  dorsal  aspect  the  sculpture  consists  of  low  regularly  shaped 
tubercles,  without  the  slightest  trace  of  a linear  arrangement.  The  dorsal  aspect  is 
convex  longitudinally,  and  concave  transversely. 

Distribution. — In  India  the  existing  E.  vittata  is  found  in  Ceylon,  Southern,  and 
Central  India;  being  replaced  in  the  North-West,  the  Punjab,  and  elsewhere  by  E. 
granosa.  The  fossil  indicates  that  E.  vittata  originally  ranged  over  Northern  India; 
and  it  may  perhaps  be  concluded  that  E.  granosa  is  a race  of  more  modern 
origin. 
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B.  Nuchal  scute  concave  anter'iorly,  and  ossifying  from  a single  centre. 

Species  2.  Emyda  lineata,  n.  sp.  nohis. 

Anterior  marginal  scute. — The  specimen  on  which  this  species  is  founded  is  the 
broken  anterior  marginal  scute  of  the  left  side  represented  from  the  dorsal  aspect  in 
plate  XXVI.  fig.  C ; which  was  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the 
Punjab.  The  specimen  agrees  very  closely  in  size  and  contour  with  the  correspond- 
ing scute  of  the  opposite  side  represented  in  fig.  4 of  the  same  plate.  The  sculpture 
has,  however,  a most  distinct  linear  arrangement ; while  tlie  individual  tubercles  are 
smaller,  form  sharper  cones,  and  are  placed  farther  apart:  the  sculpture  also  extends 
nearer  to  the  inner  border  on  the  dorsal  surface.  The  specimen  indicates  an 
individual  slightly  smaller  than  full-sized  existing  specimens  of  B.  vittata. 

Nuchal  scute  provisionally  referred  to  the  present  species. — The  specimen  represented 
in  plate  XXVI.  fig.  3,  also  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab, 
consists  of  a portion  of  the  left  half  of  the  nuchal  scute  of  a somewhat  larger 
Bmyda,  which  from  the  linear  arrangement  of  the  sculpture  is  provisionally  associated 
with  the  preceding  specimen.  A peculiarity  in  which  this  sj)ecimen  differs  from  the 
nuchal  scute  of  the  existing  forms  of  Bmyda  will  be  noticed  under  the  head  of  B. 
sivalensis. 

Distinctness. — The  peculiar  arrangement  of  the  sculpture  of  the  marginal  is  a 
character  so  marked  as  to  indicate  pretty  clearly  the  specific  distinctness  of  this 
form,  which  it  is  proposed  to  ]iame  B.  lineata.  If,  as  is  pretty  certainly  the  case,  the 
nuchal  scute  belong  to  the  same  species  its  specific  distinctness  is.  still  more  strongly 
marked. 

Distribution.- — Both  the  specimens  described  above  came  from  the  Punjab,  within 
the  Indus  basin. 

Species  3.  Emyda  sivalensis,  n.  sp.  nobis. 

Anterior  marginal  scute. — The  left  anterior  marginal  scute  of  a very  large  Bmyda 
represented  in  plate  XXVI.  fig.  9.  from  the  dorsal  aspect  was  obtained  by  Mr. 
Theobald  in  the  Siwaliks  of  the  Punjab.  In  the  non-linear  arrangement  of  the 
sculpture  this  sjiecimen  agrees  with  B.  vittata  and  differs  from  B.  lineata,  so  that 
comparisons  may  be  confined  to  the  former.  The  present  specimen  differs  from  the 
anterior  marginal  of  B.  vittata  (fig.  4)  by  its  greatly  superior  size,  its  greater 
proportionate  breadth,  the  more  convex  dorsal  surface,  as  well  as  by  the  circumstance 
that  while  on  the  dorsal  aspect  (fig.'  9)  the  sculpture  extends  quite  up  to  the  inner 
border,  on  the  ventral  aspect  (shown  in  the  specimen  represented  in  fig.  7)  it  does 
not  extend  to  within  a considerable  distance  of  this  border.  Both  agree  in  having  a 
groove  extending  along  the  whole  of  the  posterior  surface  for  cartilaginous  union 
with  the  adjacent  marginal.  The  dimensions  of  the  two  specimens  are  as  follows,  viz. : 


Speeimen. 

E.  vittata. 

Length  along  inner  border 

3-0 

2-3 

Oreatest  width 

2-0 

1-1 

L 
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Since  tlie  scute  provisionally  referred  to  E.  vittata  indicates  a sliell  of  about  12  inches 
in  length  the  present  specimen  belonged  to  an  individual  whose  shell  was  probably 
between  18  and  22  inches  in  length;  and  the  specimen  noticed  below  indicates  a still 
larger  individual. 

Second  specimen. — The  posterior  two-thirds  of  a right  anterior  marginal  repre- 
sented from  the  ventral  aspect  in  fig.  7 of  the  same  plate,  although  differing  slightly 
in  outline,  agrees  so  closely  in  general  form,  size,  and  the  arrangement  of  the 
sculpture,  that  it  may  be  at  least  provisionally  referred  to  the  same  species : ■ it  was 
likewise  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab.  The  greatest 
width  of  this  specimen  is  2 ‘25  inches. 

A third  imperfect  specimen  of  the  right  side  in  the  Indian  Museum  (No.  135  A), 
with  the  same  history,  agrees  very  closely  with  the  specimen  represented  in  fig.  9. 

Nuchal  scute. — The  specimen  represented  in  pi.  XXVI.  fig.  2,  comprises  rather 
less  than  the  right  half  of  the  nuchal  scute  of  an  Emyda^  which  from  its  very  large 
size  and  the  general  agreement  in  the  structure  of  its  sculpture  may  be  pretty  safely 
referred  to  the  same  species  as  the  marginal  scutes  noticed  above.  The  specimen 
was  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab. 

Before  describing  this  specimen  it  will  be  necessary  to  notice  the  structure  of 
the  nuchal  scute  in  the  existing  species  of  Emyda ; and  in  order  to  exhibit  this  a 
specimen  of  this  portion  of  the , carapace  of  an  immature  individual  of  E.  granosa, 
in  which  the  entire  carapace  measures  G inches  in  length,  is  represented  in  pi.  XXVI. 
fig.  8.  It  will  be  seen  from  this  figure  tliat  in  immature  specimens  the  nuchal  scute 
consists  of  two  distinct  portions  ; namely,  an  anterior  subelliptical  moiety  («),  and  a 
larger  posterior  moiety  (Z>)  of  very  peculiar  shape,  which  is  sufficiently  apparent  from 
the  figure.  The  anterior  border  of  this  posterior  moiety  is  deeply  concave  in  the 
middle  for  rather  more  than  half  its  length,  the  anterior  moiety  fitting  into  this 
concavity,  to  which  it  is  united  by  cartilage : there  is  of  course  no  sculpture  on  the 
anterior  surface  of  the  concave  portion  of  the  hinder  moiety.  In  fully  adult 
individuals  the  two  moieties  become  united  by  bone ; the  anterior  border  of  the 
scute  thus  becoming  regularly  convex,  and  the  sculpture  covering  the  whole  of  the 
anterior  surface. 

The  fossil  specimen  (fig.  2)  corresponds  to  the  hinder  moiety  of  the  nuchal  scute 
of  the  immature  E.  granosa ; but  differs  in  that  the  sculpture  extends  completely 
over  the  rounded  anterior  surface  of  the  concave  middle  portion  of  the  anterior 
border,  clearly  showing  that  the  anterior  moiety  of  the  recent  form  (a,  fig.  8)  was 
never  developed  in  the  fossil ; and  consequently  that  the  anterior  border  of  the 
nuchal  scute  was  concave  at  all  ages. 

Taking  the  fossil  specimen  as  representing  half  the  nuchal  scute  (it  really 
comprises  somewhat  less),  the  greatest  width  of  the  complete  nuchal  scute  would  be 
6‘2  inches ; and  since  the  corresponding  width  of  the  same  scute  in  the  figured 
specimen  of  E.  granosa  is  1’9  inches,  while  the  length  of  the  carapace  is  6 inches,  it 
follows  that  the  length  of  the  fossil  carapace  Avould  be  19'G  inches.  Allowing  for 
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the  fossil  nuchal  being  less  than  half  the  complete  specimen,  a length  of  22  inches 
would  not  appear  too  large  an  estimate  for  the  length  of  the  complete  carapace. 

The  tubercles  on  the  nuchal  scute  are  large,  blunt,  and  somewhat  irregular  in 
shape ; and  present  a considerable  resemblance  to  those  of  adult  specimens  of  E. 
granosa.  Those  on  the  marginal  scute  are  also  blunt  and  low:  but  of  regular  form 
and  tolerably  closely  approximated. 

Distinctness  and  affinities. — The  foregoing  comparisons'  indicate  the  existence  of  a 
Siwalik  Emyda  of  nearly  twice  the  size  of  either  of  the  existing  species,  and  broadly 
distinguished  by  the  structure  of  the  nuchal  scute,  as  well  as  by  equally  well-marked 
differences  in  that  of  the  anterior  marginals.  As  the  nature  of  the  sculpture  at 
once  distinguishes  it  from  Emyda  lineata  it  may  be  referred  to  a new  species,  for 
which  the  name  of  E.  sivalensis  is  proposed. 

A comparison  of  the  figures  will  show  that  the  nuchal  scute  of  E.  lineata 
(pi.  XXyi.  fig.  3)  agrees  in  structure  with  that  of  the  present  species.  This  structure 
is  evidently  a less  specialized  one  than  that  obtaining  in  the  existing  species  of  the 
genus ; but  it  is  not  at  present  clear  what  bearing  it  has  upon  the  evolution  of  the 
genus. 

Distribution. — All  the  known  remains  which  can  be  referred  to  this  species  have 
been  obtained  from  the  Punjab. 

Species  4.  Emyda  paljeindica,  n.  sp.  nobis. 

Anterior  marginal  scute. — The  complete  right  anterior  marginal  scute  of  a large 
collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab,  and  represented  from 
the  dorsal  aspect  in  plate  XXVI.  figs.  5.  .5a.,  indicates  a form  different  from  any  of 
those  previously  described.  In  general  shape  the  specimen  agrees  with  the  cor- 
responding scute  referred  to  E.  vittata  (fig.  4),  but  differs  in  that  the  sculpturing  on 
the  dorsal  surface  extends  completely  up  to  the  inner  margin ; it  also  differs  from 
that  form,  and  all  the  other  species,  in  that  on  the  posterior  surface  (fig.  5a)  there 
is  merely  a small  notch  at  the  postero-internal  angle,  instead  of  a groove  (fig.  4a) 
extending  along  the  whole  length  of  that  surface.  This  indicates  that  the  adjacent 
marginal  was  only  very  slightly  attached  to  the  present  one,  and  that  the  rim  of  the 
carapace  formed  by  the  marginals,  instead  of  being  continuous  as  in  all  the  other 
species,  was  interrupted  by  reentering  vacuities.  The  sculpture  has  no  trace  of  a 
linear  arrangement ; and  the  individual  tubercles  are  more  acutely  pointed,  and 
more  widely  separated  than  in  either  of  the  existing  species,  or  in  E.  sivalensis. 
The  length  of  the  specimen  is  3T,  and  its  greatest  width  1-7  inches;  and  it  probably 
indicates  a form  slightly  smaller  than  the  last-named  species. 

N^uchal  scute. — Part  of  the  left  half  of  the  nuchal  scute  of  a large  Emyda  in  the 
Indian  Museum  (No.  E 132A),  with  the  same  history  as  the  last  specimen,  is  rather 
smaller  than  the  homologous  scute  of  E.  sivalensis,  with  which  it  agrees  in  the 
concave  contour  of  the.  anterior  border.  The  sculpture,  of  which  a portion  is 
represented  in  plate  XXVI.  fig.  10,  has  not  a linear  arrangement,  and  differs  from 
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that  of  the  existing  forms>  as  well  as  from  E.  sivalensis,  by  the  more  acutely  pointed 
and  more  widely  separated  tubercles,  which  are  always  j^erfectly  conical,  and  have 
no  tendency  to  the  irregular  sha])e  which  they  present  on  the  hinder  part  of  the 
nuchal  scute  of  the  other  species.  As  the  specimen  agrees  in  this  respect  with  the 
marginal  scute  described  above,  it  most  probably  belongs  to  the  same  species. 

Distinctness  and  affinities. — From  the  evidence  of  the  two  specimens  just  described  , 
there  seems  no  reasonable  doubt  as  to  the  existence  of  a fourth  well-defined  species 
of  Siwalik  Emi/da.,  to  which  it  is  j)roposed  to  apply  the  name  of  E.  palccmdica. 

The  Indian  Museum  ^^ossesses  specimens  of  the  laler  marginal  scutes  of  various 
Siwalik  forms  of  Emyda,  but  it  is  not  easy  to  refer  them  to  tlieir  respective  species. 
It  may  be  hoped  that  future  researches  • in  the  Punjab  will  bring  to  light  more 
perfect  sj)ecmiens  of  this  and  the  two  preceding  species  which  will  more  fully 
illustrate  their  affinity.  Fragmentary  as  they  are,  the  remains  on  which  these 
species  are  founded  are  very  imjDortant,  as  serving  to  indicate  the  great  development 
and  diversity  of  structure  which  this  peculiar  Oriental  genus  attained  in  pliocene 
times. 

Distribution. — All  the  remains  referred  to  this  species  have  been  obtained  from 
the  Punjab,  within  the  catchment  basin  of  the  Indus. 

Genus  II.  TRIONYX,  Geoffrey.^ 

Definition. — Shell  very  similar  to  that  of  Emyda.^  but  with  a coarser  sculpture, 
and  without  marginal  scutes : the  callosities  on  the  plastron  may  be  eitlier  four  or 
five  in  number,  the  two  anterior  (epiplastral)  callosities  of  Emyda  being  invariably, 
and  the  azygos  (entoplastral)  one  sometimes  absent. 

The  genus  and  its  allies  presents  extreme  difficulty  to  the  palaeontologist  (and 
more  especially  in  the  case  of  Indian  forms)  owing  to  the  close  similarity  existing  in 
the  structure  of  the  shell  of  most  of  the  species,  and  the  circumstance  that  a large 
series  of  macerated  shells  of  the  existing  species  is  not  generally  attainable.  The 
structure  of  the  cranium  of  the  existing  Ghitra  indiccd  is  so  different  from  that  of  the 
typical  Trionyx  gangeticus^  that  it  seems  almost  imperative  to  follow  Gray  in  regarding 
the' former  as  generically  distinct : the  shell  of  Ghitra  apparently,  however,  differs 
from  that  of  the  Indian  species  of  Trionyx  solely  by  its  superior  size  and  the  absence 
of  an  anterior  azygos  (entoplastral)  callosity.'*  Delochelys  cantori  has  likewise  such  a 
peculiar  cranium  that  there  seems  good  reason  for  separating  it  generically : its 
shell  according  to  Mr.  Theobald®  has  no  azygos  callosity,  but  one  of  the  specimens 
in  the  British  Museum  shows  a very  small  one.  All  the  other  existing  forms  may  be 
referred  to  Trionyx. 

Distribution. — At  the  present  day  Trionyx  has  a very  wide  distribution  ; and 
numerous  fossil  forms  have  been  referred  to  it  from  various  tertiary  formations 

1 ‘Ann.  d.  Museum,’ vol.  XIV.  p.  1 (1809).  2 Gray,  “ Catalogue  of  Shield-Ueptiles,”  pt.  1.  pi.  XLI. 

2 Ihid,  pi.  XLII.  fig.  1.  . ^ Vide  Theofiald,  “ Catalogue  of  the  Eeptiles  of  British  India,”  p.  26. 

i>  Op.  cit.,  p.  27. 
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ranging  down  to  the  lower  eocene  of  Europe/  and  the  eocene  (Bridger  beds)  of 
North  America.-  The  foregoing  observations  will,  however,  have  shown  that  since 
these  species  are  mainly,  or  entirely,  founded  upon  the  carapace,  or  fragments  of  the 
same,  it  cannot  be  determined  whether  some  of  them  may  not  have  belonged  to 
Chitra  or  Peloehelys. 

Indian  and  Burmese  species. — Of  the  existing  Indian  and  Burmese  forms  Mr. 
Theobald^  recognizes  the  following  three  species  from  India  proper,  viz.: — 

Trionyx  gangeticus,  Cuvier.  Facial  part  of  cranium  short ; plastral  callosities  well 
developed. 

Trionyx  sewaare,  Gray  {ex  B.  Hamilton,  MS.).  Facial  part  of  cranium  short : 
plastral  characters  of  adult  unknown.  As  far  as  is  known  this  species  can  only  be 
distinguished  from  the  last  by  its  colouration. 

Trionyx  ocellatus,  Gray.  Facial  portion  of  cranium  more  elongate.  Sculpture  on 
the  callosities  coarser  than  in  T.  gangeticus,  and  the  lateral  scutes  more  bent. 

From  the  districts  to  the  east  of  the  Bay  of  Bengal  the  following  five  species 
are  recognized,  viz.: — 

Trionyx  phayrei,^  Theobald.  Cranium  resembling  that  of  T.  gangeticus  ; plastron 
imperfectly  ossified,  callosities  being  absent  in  the  young : the  carapace  has  an 
indistinct  median  keel. 

Trionyx  stellatus,  Schlegel.  Facial  portion  of  cranium  elongate ; plastron 
imperfectly  ossified  in  the  young. 

Trionyx  peguensis,  Gray.  Described  only  from  the  skull. 

Trionyx  grayi,  Theobald.  Cranium  agrees  with  that  of  the  latter  in  general 
characters,  but  differs  in  colouration. 

Trionyx  ephippium,  Theobald.  Only  known  by  the  young,  in  which  the  plastral 
callosities  are  absent. 

Apparently,  as  far  as  is  known,  the  nuchal  scute  is  fully  ossified  in  all  these 
forms,  and  is  rugose  on  the  whole  of  the  dorsal  aspect.  Tliere  is,  however,  another 
Asiatic  group,®  in  which  the  nuchal  scute  (at  least  in  the  young)  is  not  fully  ossified 
posteriorly,  and  is  frequently  only  partially  rugose.  Examples  of  this  group  are  T. 
guentherP  (Gray),  of  which  the  habitat  is  unknown ; T.  subplanus,  Schweigg,  of 
Singapore,  etc.;  and  T.  ornatus,'^  of  Borneo. 

Siwalik  forms. — The  earliest  record  of  the  occurrence  of  Trionyx  (or  one  of  the 
allied  genera)  in  the  Siwaliks  is  by  Clift,®  who  figured  some  fragments  of  shells 
obtained  from  Burma,  among  which  are,  however,  included  some  specimens 
apparently  belonging  to  Emyda.  The  occmTence  of  similar  remains  both  in  Burma 
and  the  Siwalik  Hills  was  noted  by  Falconer®  in  1831,  and  mention  of  the  genus  is 
also  made  in  his  notes.“  In  his  ‘ Catalogue  of  the  Fossil  Vertebrata  in  the  Museum 

1 Vide  Owen  and  Bell,  “ Fossil  Eeptilia  of  the  London  Clay,  etc.,”  pt.  I.  pp.  45-61  (1849). 

2 Vide  Leidy,  “ Extinct  Vertebrate  Fauna  of  the  Western  Territories,”  pp.  341-342  (1873). 

3 ‘ Proc.  As.  Soc.  Beng.,’  1875,  p.  178.  “ Catalogue  of  the  Keptiles  of  British  India,”  pp.  340-341. 

4 Syn.  T.  cariniferus,  Gray  {non  Aspilus  cariniferus,  Gray). 

5 Comprehending  the  genera  Aspilus  and  Bogania  of  Gray. 

6 Vide  Gunther,  ‘‘  Eeptiles  of  British  India,”  pi.  VI.  fig.  A.  7 Ibid,  fig.  B. 

6 ‘ Trans.  Geol.  Soc.’  ser.  2.  vol.  II.  pp.  374-375  (1828). 

9 ]'ide  “ Falconer’s  Palaeontological  Memoirs;”  vol.  I.  p.  413.  10  Ibid,  pp.  23,  35,  39. 
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of  the  Asiatic  Society  of  Bengal,”^  he  again  records  the  occurrence  of  the  genus  in 
the  Siwaliks  of  Burma. 

Fragments  of  the  carapace  and  plastron  of  Trionyx  and  its  allies  are  of 
exceedingly  common  occurrence  throughout  the  Siwaliks  of  India  and  Burma,  and 
strongly  marked  differences  in  the  form  of  the  sculpture  of  different  specimens 
indicate  the  occurrence  of  several  distinct  species.  The  imperfect  state  of  our 
knowledge  of  the  existing  species  of  India  and  Burma  (and  still  more  of  those  of 
other  parts  of  Asia)  shows,  however,  that  it  would  be  worse  than  useless  to  attempt 
the  specific  (or  even  generic)  identification  of  many  such  specimens.  Even 
with  nearly  complete  fossil  specimens  of  the  shell  it  would  in  many  cases  be 
impossible  to  determine  at  present  whether  they  were  distinct  from  or  identical  with 
living  species  ; and  accordingly  in  the  two  Siwalik  specimens  noticed  below  under 
the  head  of  the  present  genus  the  writer  has  not  attempted  a specific  determination. 

A.  Nuchal  scute  suturally  connected  with  the  first  costal. 

Species  1.  Trionyx  gangeticus,  Cuvier.^ 

(For  yalceontological  purposes  it  is  obvious  that  this  species  must  he  taken  to  include  T. 
sewaare,  as  that  form  is  only  distinguished  by  its  colouration.) 

Earlier  notice  of  reputed  oceurrence  in  the  pleistocene. — In  1870  Stoliczka®  described 
and  figured  two  fragments  of  the  plastron  of  a large  Trionyx  from  the  pleistocene  of 
the  Narbada  valley,  which  he  considered  might  very  probably  be  referred  to  the 
present  species.  It  is,  however,  by  no  means  clear  that  they  might  not  have  belonged 
to  T.  ocellatus,  as  they  exhibit  a very  coarse  sculpture. 

Cranium. — The  cranium  of  a large  Trionyx  represented  of  three-fourths  the 
natural  size  in  plate  XXV.  figs.  3.  3a.  3b.,  was  obtained  by  Mr.  C.  Fraser  from  the 
pleistocene  of  the  Narbada  valley,  and  presented  by  him  to  the  British  Museum 
sometime  previously  to  1843.  With  the  exception  of  the  loss  of  the  occipital 
condyle,  of  the  long  supraoccipital  projection,  and  of  the  parallel  lateral  projections, 
the  specimen  is  almost  perfect.  It  is  precisely  similar  to  the  cranium  of  the  existing 
T.  gangeticus,^  exhibiting  very  clearly  the  short  facial  portion  which  marks  its 
distinction  from  21  ocellatus.  It  is  unfortunate  that  the  mandible  is  not  preserved 
(by  which  the  skull  of  T.  gangeticus  is  at  once  distinguished  from  that  of  the  Burmese 
T.  phayrefi),  but  since  the  present  specimen  cannot  possibly  be  distinguished,  from 
the  cranium  of  the  former  species,  and  it  is  improbable  that  the  latter  occurred  in 
the  pleistocene  of  the  western  side  of  India,  no  reasonable  doubt  can  be  entertained 
that  it  indicates  the  existence  of  T.  gangeticus  in  the  Narbada  pleistocene. 

Distribution. — According  to  Mr.  Theobald®  the  existing  form  inhabits  the  Ganges 
valley  from  Bengal  to  the  North-West  Provinces.  The  trionyches  of  the  Narbada 

1 Pages  32,  33  (1852).  The  genus  Trionyx  is  taken  to  include  Trionyx  proper  [=Gyninopus),  and  Emyda  [=Cryptopus) . 

2 “ Eegne  Animal,”  '2nd  ed.  vol.  II.  p.  16  (1829).  For  the  synonomy  see  Theobald,  ‘ Proc.  As.  Soc.  Beng.’  1875,  p.  171. 

3 ‘ Eec.  Geol.  Surv.  Ind.’  vol.  II.  p.  39.  pi.  I.  figs.  4,  5. 

4 Compare  Gray,  “ Catalogue  of  Shield-Reptiles,”  pt,  I.  pi.  XLII.  fig.  1.  5 Vide  Theobald,  op.  cit.,  p.  178. 

6 Catalogue  of  the  Reptiles  of  British  India,”  p.  29. 
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river  appear,  however,  to  be  totally  unknown,  so  that  there  seems  no  reason  why  the 
species  should  not  still  inhabit  that  valley. 

Teionyx,  sp.  2. 

Shell. — In  plate  XXVII.  fig.  3.  there  is  represented  of  one-half  the  natural  size 
the  right  half  of  the  ventral  aspect  of  the  shell  of  a small  Trionyx  from  the  Siwalik 
Hills ; a portion  of  the  dorsal  aspect  of  the  carapace  being  represented  in  fig.  3a  of 
the  same  plate.  The  specimen  is  now  in  the  Indian  Museum,  and  was  obtained  by 
exchange  with  the  Museum  of  Comparative  Anatomy  at  Cambridge,  having  been 
purchased  by  the  latter  institution  among  a small  collection  of  Siwalik  fossils  : the 
matrix  leaves  no  doubt  of  the  correctness  of  the  locality. 

The  condition  of  the  plastron  and  of  the  costal  scutes  of  the  carapace  indicates 
that  the  specimen  belonged  to  a fully  adult  individual ; and  the  length  of  the 
carapace  when  complete  was  probably  about  12  inches.  On  the  ventral  aspect  the 
whole  of  the  plastral  elements,  with  the  exception  of  the  epiplastra,  are  exhibited  in 
a perfect  condition,  but  the  carapace  is  considerably  damaged. 

There  is  a well-marked  azygos  (entoplastral)  callosity  on  the  plastron;  the 
paired  callosities  being  fully  ossified,  and  uniting  in  the  middle  line ; the  sculpture 
is  somewhat  finer  than  in  T.  gangeticus.  The  carapace  does  not  show  the  form  of 
the  liuchal  or  vertebral  scutes;  but  it  exhibits  three  very  well-marked  continuous 
longitudinal  keels,  and  there  is  no  median  depression. 

Affinities. — The  presence  of  an  azygos  plastral  callosity,  as  well  as  its  greatly 
inferior  size,  differentiates  the  present  specimen  from  Chitra  indica.  Pelochelys  cantori 
is  also  considerably  larger,  and  differs  in  the  form  of  the  paired  plastral  callosities ; 
the  specimens  in  the  British  Museum  not.  showing  the  distinctly  tricarinate  carapace 
of  the  fossil. 

The  fossil  agrees  with  the  Indian  species  of  Trionyx  in  the  possession  of  an 
azygos  plastral  callosity ; but  apparently  differs  from  all  in  which  the  adult  carapace 
is  known  by  the  presence  of  the  three  distinct  keels  on  the  carapace.^  In  addition 
to  this  character  T.  gangeticus  and  the  two  allied  Indian  species  are  distinguished  by 
their  greatly  superior  dimensions  and  coarser  plastral  sculpture.  Nothing  can  be 
predicated  as  to  the  relations  of  the  fossil  with  T.  peguensis,  T.  grayi,  and  T. 
ephippimn. 

In  T.  mgijptiacus.,  Geoffr.,  there  is  a larger  azygos  plastral  callosity  than  in  the 
present  specimen,  and  that  species  attains  a considerably  greater  size,  but  specimens 
in  the  British  Museum  show  a similarly  tricarinate  carapace. 

B.  Nuchal  scute  mot  suturally  connected  with  the  first  costal. 

Teionyx,  sp.  3. 

First  costal  scute. — This  second  Siwalik  species  is  indicated  by  ’the  specimen 

1 In  T.  phayrei  {=T.  eariniferus,  Gray)  there  is  a vertebral  keel  on  the  carapace,  but  no  costal  keels.  The  species  is 
much  larger  than  the  present  form,  equalling  in  size  T.  yanyeiicus. 
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figured  in  the  accompanying  woodcut,  which  was  obtained  by  Mr.  Blanford  from  the 
lower  Siwaliks  of  Sind. 


Trionyx,  sp.  The  greater  part  of  the  fii-st  left  costal  scute  ; from  the 
lower  Siwaliks  of  Sind.  Indian  Museum  (No.  E 129).  y 

The  specimen  comprises  the  greater  part  of  the  first  left  costal  scute,  perfect 
distally,  but  wanting  a small  portion  at  its  vertebral  extremity  and  on  its  hinder 
border.  The  anterior  border  is  formed  by  the  first  rib,  which  presents  an  anterior 
and  a superior  surface,  both  of  which  have  no  trace  of  sculpture.  The  anterior 
surface  is  a free  one,  and  shows  that  the  nuchal  scute  did  not  unite  by  suture  with 
the  1st  costal.  That  portion  of  the  scute  situated  posteriorly  to  the  rib  is  covered 
with  a well-marked  sculpture,  consisting  of  conical  tubercles,  and  quite  different 
in  structure  from  that  of  the  last  species  or  Chitra. 

Nuchal  scute. — A fragment  of  the  scute  of  a Trionyx  from  the  Siwaliks  of  the 
Punjab  in  the  Indian  Museum  (No.  E 130)  agrees  in  the  character  of  the  sculpture 
with  the  preceding  specimen.  Owing  to  its  imperfect  condition  it  is  somewhat 
difficult  to  be  quite  sure  of  the  position  it  originally  occupied  in  the  shell,  but  it 
appears  to  be  a portion  of  the  left  half  of  the  nuclial  scute,  and  indicates  an 
individual  fully  as  large  as  the  last  specimen.  It  is  entirely  rugose,  and  both  the 
anterior  and  posterior  borders  are  free,  and  the  under  surface  is  bevelled  away  in 
front  of  the  latter.  It  cannot  be  certainly  determined  whether  this  specimen  belongs 
to  the  same  species  as  the  last,  although  this  may  well  have  been  the  case ; but  in 
either  case  it  indicates  a -form  with  a nuchal  scute  not  suturally  connected  with  the 
1st  costal. 

Distinctness  and  affinities. — The  structure  of  the  present  specimens  at  once  shows 
that  they  indicate  a form  allied  to  the  group  referred  to  on  page  203,  in  some  of 
which  the  nuchal  scute  is  not  suturally  connected  with  the  1st  costal,  and  is  frequently 
imperfectly  sculptured.  None  of  the  recent  forms,  however,  appear  to  have  the 
anterior  half  of  the  1st  costal  unsculptured,  as  it  is  in  the  fossil.  The  nature  of  the 
sculpture  of  the  latter  agrees  very  closely  with  that  of  T.  guentheri^  and  is  quite 
different  from  that  of  T.  ornatus^ ; the  fossil  nuchal  scute  agrees  moreover  with  the 
former  in  being  completely  sculptured,  and  thereby  differs  from  the  latter,  in  the 

1 lldc  Giinthcr,  “ Keptiles  of  British  India,”  pi.  VI.  fig.  A.  2 Ibid,  fig.  B. 
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adult  of  which  the  nuchal  scute  is  entirely  unsculptured,  and  has  an  unossitied  space 
between  it  and  the  1st  costal. 

Although  the  evidence  of  such  small  fragments  perhaps  makes  it  inadvisable  to 
assign  a distinct  specific  name,  yet  it  is  most  probable  that  the  present  specimens 
indicate  a new  species,  which  may  be  regarded  as  an  ancestral  form  closely  related 
to  Trionyx  guentheri^  but  with  a still  more  generalized  structure.  It  is  a very 
remarkable  fact  that  while  we  have  evidence  of  this  less  specialized  form  in  the 
Siwaliks  of  India,  and  of  kindred  living  Asiatic  species,  yet  that  all  the  known 
species  from  the  English  eocene^  exhibit  as  full  a development  of  the  nuchal  scute  as 
in  the  existing  T.  gangeticus ; thus  showing  that  the  origin  of  the  group  is  to  be 
looked  for  in  much  earlier  geological  periods,  and  that  the  fossil  and  living  Asiatic 
forms  with  imperfectly  developed  nuchal  and  1st  costal  scutes  should  probably  be 
regarded  as  survivals  of  a primitive  type. 

Distribution. — Assuming  that  both  the  specimens  noticed  above  belong  to  the 
same  species,  they  indicate  that  the  range  of  the  latter  in  time  extended  from  the 
lower  to  the  upper  Siwaliks,  and  in  space  from  Sind  to  the  Punjab ; both  the  latter 
areas  being  in  the  Indus  basin. 

Genus  III.  CHITRA,  Gray.^ 

The  characters  of  this  genus  have  been  alluded  to  under  the  head  of  Trionyx : 
the  only  known  species  is  G.  indica.  The  nuchal  scute  is  fully  ossified,  and  entirely 
rugose. 

Species.  Chitra  indica.  Gray.® 

Syn.  Trionyx  indicus,  Gray.^ 

Carapace. — The  British  Museum  possesses  two  portions  of  the  carapace  of  a 
very  large  species  of  triony chine  tortoise  from  the  Siwalik  Hills,  which  are  figured 
of  one-fourth  the  natural  size  in  plate  XXVII.  figs.  1 and  2.  Both  specimens  belong 
to  subadult  individuals,  as  is  shown  by  the  extension  of  the  costal  scutes  nearly  up 
to  the  free  extremities  of  the  ribs.  The  first  specimen  (fig.  1)  exhibits  the  nuchal, 
and  the  complete  1st  and  parts  of  the  2nd  vertebral  and  costal  scutes ; while  the 
second  shows  the  greater  part  of  the  first  six  vertebral  and-  costal  scutes,  and  from 
the  identity  in  size  and  form  between  the  first  two  of  these  and  the  corresponding 
scutes  of  the  first  specimen,  there  can  be  no  doubt  as  to  the  specific  unity  of  the  two 
specimens. 

The  first  specimen  exhibits  on  its  ventral  aspect  the  anterior  elements  of  the 
plastron,  and  since  the  entoplastral  portion  shows  not  the  slightest  trace  of  an 
azygos  callosity,  the  present  form  differs  from  the  existing  Indian  species  of  Trionyx ; 
and  as  it  is  of  considerably  larger  size  than  Pelochelys  cantori  (in  which  an  azygos 

1 Vide  Owen  and  Bell,  “ Fossil  Eeptilia  of  tlie  London  Clay,  etc.”  part  I.  ((1849). 

2 “ Catalogue  of  Tortoises  in  the  British  Museum,”  p.  49  (1844). 

3 “ Synopsis  lloptiliuin,”  p.  47  (1831 ).  Trimijx.  l.oc.cU. 
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callosity  is  at  least  occasionally  present),  and  differs  in  the  form  of  the  vertebral 
scutes  and  the  nature  of  the  sculpture,  it  is  evidently  distinct  from  that  speciesd 
Compared  witli  Ghitra  indica^  the  fossil  agrees  so  closely  in  every  respect — especially 
in  its  great  size,  in  the  coarse  sculpture  of  the  carapace,  the  small  dimensions  of  the 
5th,  and  the  elongation  of  the  four  preceding  vertebral  scutes — that  there  can  be  no 
reasonable  doubt  of  its  specific  identity.  The  following  are  the  dimensions  of  the 
fossil  specimens : — 


Transverse  diameter  of  nuchal  scute 11-0 

Ant. -post.  ,,  ,,  1st  vertebral  scute 3-2 

Transverse  ,,  ,,  2nd  costal  ,, 9-3 

Ant. -post.  ,,  ,,  3-65 

Transverse  ,,  ,,  5th  ,,  lO'S 

Ant. -post.  3-8 


The  writer  has  not  had  the  opportunity  of  comparing  a full-grown  existing 
specimen  with  the  fossil,  but  according  to  Mr.  Theobald  the  shell  of  the  former 
attains  a length  of  more  than  three  feet. 

The  Indian  Museum  possesses  three  fragments  of  costal  scutes  (Nos.  E 112,  116, 
118)  from  the  Siwaliks  of  the  Punjab,  which  agree  in  respect  of  size  and  the 
structure  of  the  sculpture  with  the  British  Museum  specimens,  and  may  accordingly 
be  referred  to  the  same  species.  The  antero-posterior  diameter  of  the  portion 
belonging  to  a 2nd  costal  (No.  E 116)  is  3‘5  inches. 

Bypoplastron. — An  adult  hypoplastral  scute  from  the  Siwalik  Hills  in  the  British 
Museum  (No.  39829)  probably  belongs  to  the  present  species. 

Distribution. — According  to  Mr.  Theobald’’  the  species  at  the  present  day  inhabits 
“ the  Ganges,  Bengal,  the  Irawadi,  and  the  estuaries  of  the  Indian  and  Malayan 
coasts  it  has  also  been  stated  to  occur  in  the  Phillipine  Islands.^  The  fossil  scutes 
in  the  Indian  Museum  indicate  that  its  range  formerly  embraced  the  basin  drained 
by  the  Indus. 


1 In  P.  cantori  the  first  four  vertebrals  are  relatively  wider— especially  anteriorly— and  the  sculpture  is  much  finer.  In 
Trionyx  gangcticus  and  the  allied  forms  the  5th  vertebral  is  relatively  larger,  and  the  sculpture  less  coarse. 

2 The  specimen  compared  was  an  immature  one  belonging-  to  the  Indian  Museum,  Calcutta  (No.  1779). 

3 “ Catalogue  of  Reptiles  of  British  India.”  p.  27.  i Vide  G-unther,  “ Reptiles  of  British  India,”  p.  50. 
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SIWALIK  CROCODILIA,  LACERTILIA,  & OPHIDIA. 

By  R.  LYDEKKER,  B.A.,  F.a.S.,  etc. 

(WITH  PLATES  XXVIII.  TO  XXXY.) 


INTRODUCTORY. 

Previous  literature. — As  was  the  case  with  the  Chelonia  till  the  publication  of  the 
preceding  part  of  this  volume,  the  Siwalik  Crocodilia  have  been  hitherto  but  very 
imperfectly  known.  Two  memoirs  were  published  by  Cautley,  which  will  be  noticed 
in  the  sequel,  and  some  illustrations,  which  are  in  several  instances  incorrectly  named, 
are  given  in  “Falconer’s  Palseontological  Memoirs”;  but  beyond  this  nothing  of 
any  importance  has  been  hitherto  published.  The  few  notes  left  by  Falconer  are 
manifestly  crude,  and  were  not  meant  to  have  seen  the  light  in  their  present  form. 
The  single  known  lacertian  bone  has  been  figured  in  the  work  cited ; while  a brief 
notice  of  ophidian  vertebrae  has  been  previously  published  by  the  present  writer. 

Relation  of  the  fossil  and  existing  Indian  .Crocodilia. — ^^The  crocodilian  fauna  of  the 
Siwaliks  as  a whole  considerably  exceeded  that  of  modern  India,  both  in  the  number 
of  species  and  the  dimensions  which  some  of  those  species  attained,  and  is  thus  in 
harmony  with  the  relations  of  the  pliocene  to  the  existing  mammalian  fauna.  This 
excess  is,  however,  not  equally  distributed  in  all  groups,  since  while  in  India  there 
are  at  the  present  day  three  species  of  Crocodilus  and  one  of  Gharialis,  in  the  Siwalik 
epoch  there  were  but  two  species  of  the  former,  while  there  were  no  less  than  six 
species  belonging  to  the  gharialoid  group,  of  which  five  are  referred  to  the  existing 
genus,  and  the  sixth  is  made  the  type  of  a new  genus.  Even,  however,  in 
the  genus  Crocodilus  there  is  in  one  sense  an  excess  of  the  fossil  over  the  recent  forms 
if  we  eliminate  from  the  latter  the  two  allied  species  G.  porosus  and  0.  pondicherianus^ 

which  the  fossil  evidence  indicates  are  probably  immigrants  into  India  from  the 
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eastward.  One  of  the  two  Siwalik  species  of  Grocodilus  is  evidently  the  ancestral 
form  of  the  existing  G.  palustris,  and  it  has  been  a question  whether  the  fossil  should 
be  regarded  as  specifically  distinct,  or  merely  as  a race  of  that  species : in  con- 
formity, however,  with  the  course  pursued  in  the  analogous  instances  among  the 
Chelonia  the  former  view  has  been  adopted.  In  the  genus  Oharialis  one  form  has 
been  regarded  as  specifically  identical  with  the  existing  0.  gangeticus,  while  all  the 
others  are  totally  distinct,  and  several  of  them  differ  very  widely  from  that  species. 
Two  members  of  the  gharialoid  group  indicate  crocodilians  of  larger  size  than  have 
been  hitherto  described  from  any  part  of  the  world,  and  formed  worthy  consorts  in 
point  of  size  with  Colossochelys  atlas.  Nothing  is  at  present  known  of  the  crocodiles 
of  the  pleistocene  Narbada  beds.  As  the  Lacertilia  and  Ophidia  are  known  merely 
by  two  species,  nothing  can  be  predicated  of  their  relations  to  the  existing  fauna, 
with  the  exception  that  the  one  species  of  Varanus  largely  exceeded  all  its  living 
congeners  in  point  of  size. 

« 

Order.  CROCODILIA. 

Suborder.  EUSUCHIA. 

Family.  GBO  CODILIDJE. 

Generic  divisions. — The  existing  and  Siwalik  crocodilians,  all  of  which  it  seems 
advisable  to  include  in  a single  family,  may  be  divided  from  the  characters  of  the 
skull  as  follows,  vis.: — 

A.  Alligatoroid  group.  Both  the  first  and  fourth  mandibular  teeth  received  into  pits,  or  per- 

forations, in  the  cranium ; the  maxillary  teeth  biting  on  the  outer  side  of  the  smaller  mandibular 
teeth. 

a.  Alligator.  Nasals  dividing  the  anterior  nares.  \ The  writer  is  inclined  to  think  that  all 

b.  Caiman.  Supratemporal  fossae  obliterated.  > the  genera  might  well  be  included  in 

c.  Jacare.  Vomers  appearing  on  the  palate.  / Alligator. 

B.  SucHOiD  GROUP.  The  first  mandibular  tooth  received  into  a pit  or  perforation,  the  fourth  into 

a lateral  notch  in  the  cranium ; the  nasals  articulate  with  the  premaxillae  ; mandibular  and 
maxillary  teeth  interlocking. 

a.  Crocodilus?- 

C.  Gharialoid  group.  Skull  elongated  into  a rostrum  ; splenials  enter  into  mandibular  symphysis. 

1.  Both  the  first  and  fourth  mandibular  teeth  received  into  lateral  notches  in  the  cranium  ; 
maxillary  and  mandibular  teeth  interlocking. 

a.  Tomistoma?  Mandibular  symphysis  extends  to  the  fifteenth  tooth  ; premaxillae  hardly  expanded, 
and  articulating  with  nasals. 

h.  Gharialis.  Mandibular  symphysis  extends  to  the  twenty-third  or  twenty-fourth  tooth®  ; pre- 
maxillae and  extremity  of  mandible  much  expanded®  ; nasals  widely  separated  from  pre- 
maxillae. 

2.  First  mandibular  tooth  received  into  a lateral  notch,  fourth  into  a pit  in  the  cranium  ; maxillary 
teeth  biting  outside  the  mandibular. 

a.  No  living  representative. 


1 The  African  C.  cataphraetus  is  sometimes  separated  as  Mecistops. 

2 Syn.  Rhynchosuehus,  Huxley. 

3 These  characters  are  not  applicable  to  some  of  the  fossil  forms. 
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Of  extinct  genera  Biplocynodon,  originally  described  from  the  lower  miocene  of 
France/  but  which  also  occurs  in  the  tertiaries  of  N.  America/  belongs  to  the 
alligatoroid  group,  and  is  distinguished  by  the  enlargement  of  the  third,  as  well  as 
the  fourth  mandibular  tooth.  One  of  the  French  species  (D.  gracilisj  has  been 
recorded  by  Dr.  FilhoF  from  the  upper  eocene  phosphorites  of  Quercy.  Bottosaurus,'^ 
from  the  upper  cretaceous  of  N.  America,  was  described  merely  from  a portion  of 
the  mandible,  which  likewise  indicates  an  alligatoroid  form.  Plerodon^  is  also  from 
N.  America,  and  has  a broad,  short  muzzle  and  short  symphysis,  but  the  writer  is 
unacquainted  with  its  full  affinities.  The  following  are  gharialoid  forms  {i.e.  have  a 
long  rostrum,  and,  as  far  as  is  known,  the  splenial  entering  into  the  mandibular 
symphysis),  Thoraeosaurus,^  from  the  upper  cretaceous,  which  is  readily  distin- 
guished by  the  existence  of  a prelachrymal  vacuity  in  the  cranium  (like  Teleosaurus), 
and  is  said  by  Leidy  to  present  a strong  resemblance  to  the  so-called  Gharialis 
macrorhynchus^  of  the  upper  cretaceous  of  France,  but  has  the  cranial  rostrum 
tapering  more  gradually,  and  the  teeth  stouter,  in  which  respects  it  approaches 
Tomistoma : the  anterior  border  of  the  orbit  is  not  prominent.  Holops,^  from  the  same 
formation,  has  a cranium  presenting  a great  resemblance  to  that  of  Thoracosaurus, 
but  lacks  the  prelachrymal  vacuity.  The  supratemporal  fossae  in  the  type  species 
are  equal  in  size  to  the  orbits,  and  the  anterior  border  of  the  latter  is  not  pro- 
minent; in  a cranial  rostrum  provisionally  referred  by  Cope*^  to  H.  obscurus,  the 
premaxillse  have  scarcely  any  terminal  expansion,  and  there  are  interdental  pits  in 
the  maxilla  for  the  tips  of  the  mandibular  teeth.  In  both  this  genus  and  Tkoraeo- 
saurus  the  cervical  ribs  are  aborted.  In  AT.  obscurks  the  premaxillary  fissure  is  of 
large  size.  The  relations  of  the  nasals  to  the  premaxillae  are  apparently  unknown, 
but  if,  as  is  probably  the  case,  they  are  the  same  as  in  Gharialis^  the  writer  would 
be  inclined  to  doubt  the  propriety  of  generically  separating  the  American  forms, 
unless  it  be  that  the  structure  of  their  teeth  is  a sufficient  distinction.  Theca- 
champsaP  from  the  miocene  of  N.  America  is  a gharialoid  having  the  dental  series 
interrupted  by  large  caniniform  teeth : its  rostrum  is  very  long  and  slender,  and 
the  maxillary  and  mandibular  teeth  appear  to  have  interlocked.  The  so-called 
MelitosauruSj  Owen,  from  the  reputed  miocene  of  Malta  has  been  shown  by  the 
present  writeF^  to  be  identical  with  Tomistoma ; that  genus  being  represented  in  the 

1 Vaillant,  ‘Ann.  Sci.  Geol.’  vol.  III.  art.  1.  p.  41  (1872). 

2 Vids  Cope,  ‘ Eep.  U.  S.  Geogr.  Surv.  W.  100th  Meridian,’  vol.  IV.  pt.  2.  Palaeontology,  p.  60  (1877).  4to. 

3 ‘Ann.  Sci.  Geol.’  vol.  VIII.  art.  I.  p.  264  (1877). 

4 Vide  Jjeidy,  ‘Smith.  Contrih.  Know.’  vol.  XIV.  art.  6.  p.  12  (1865),  and  Cope  ‘ Trans.  Amer.  Phil.  Soc.’  vol.  XIV. 

art.  1.  pp.  61-62  (1870).  5 Vide  Cope  ‘Trans.  Amer.  Phil.  Soc.’  vol.  XIV.  art.  1.  p.  62  (1870). 

6 Vide  Leidy,  op.  cit.  and  Cope,  op.  cit.  pp.  61-79. 

7 Cope,  op.  cit.  pp.  67-71  refers  this  species  to  Thomcosaurus,  hut  in  the  figure  given  hy  Gervais,  the  lachrymal  region  is 

so  imperfect  as  apparently  to  render  it  impossible  to  determine  whether  prelachrymal  vacuities  were  present. 

8 Vide  Cope,  op.  cit.  pp.  62,  67-79.  9 Op.  cit.  p.  77,  figs.  19,  20. 

10  Vide  Cope,  op.  cit.  pp.  62-65.  Five  species  are  recorded  in  this  memoir,  hut  in  only  one  is  any  portion  of  the  skull 

known  ; this  portion  consisting  of  a fragment  of  the  mandibular  symphysis,  which,  however,  is  not  figured. 

11  In  a paper  read  before  the  Geological  Society  on  November,  18th,  1885,  which  will  be  published  in  the  ‘ Quart.  Journ. 

Geol.  Soc.’  vol.  XLII.  (1886). 
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tertiary  of  the  Maltese  Islands  by  T.  champsoides  (Owen),  and  T.  gaudense  (Hulke). 
The  former  differs  from  T.  schlegeli  by  the  presence  of  an  additional  premaxillary 
tooth,  and  thereby  approaches  Gharialis  gangeticus.  A crocodilian  from  the  (ap- 
parently) miocene  of  Eggenburg  in  Lower  Austria,  described  by  Messrs.  Toula  and 
Kaih  under  the  provisional  name  of  Gharialosuchus^  eggenhurgensis^  has  likewise  been 
shown  by  the  present  writer  in  the  paper  quoted  to  be  inseparable  from  Tomistoma, 
and  may  be  known  as  2\  eggenhurgense.  In  this  species  the  anterior  border  of  the 
orbit  is  prominent,  as,  in  Gharialis  gangeticus^  and  there  is  likewise  an  additional  tooth 
in  the  premaxillse,  between  the  proper  first  and  second  teeth : it  is  possible  that  it 
may  be  specifically  the  same  as  T.  champsoides,  in  which  case  the  former  name  has 
the  right  of  priority.  A new  gharialoid  genus  from  the  Siwaliks  is  described  in  the 
sequel,  and  forms  the  second  division  of  the  gharialoid  group  in  the  table  given 
above. 

Genus  I. : CROCODILUS,  Linn.® 

Definition. — It  may  perhaps  be  doubted  if  Crocodilus  toliapicus,  Owen,^  from  the 
London  Clay,  can  really  be  included  in  this  genus,  as  it  has  ^ teeth,  and  the  mandi- 
bular symphysis  is  elongated  (although  not  to  the  same  extent  as  in  Tomistoma 
schlegeli) ; it  agrees,  however,  with  typical  species  of  Crocodilus  (and  thereby  differs 
from  Tomistoma)  by  the  extension  of  the  nasals  to  the  anterior  narial  aperture^ 
Crocodilus  champsoides,  Owen,®  from  the  same  formation,  has  21  upper  teeth,  but  agrees 
with  C.  cataphractus  (in  which  the  teeth  number  ff)  in  the  expansion  of  the  premaxillse, 
and  their  perforation  by  the  fourth  mandibular  tooth,  as  well  as  in  the  relation  of 
the  nasals  to  the  external  nares.  Including  the  latter  species,  the  genus  may  be 
provisionally  defined  from  cranial  characters,  as  follows  : — Snout  moderately  long,  or 
short,  nasals  articulating  with  premaxillse,®  anterior  border  of  orbit  not  prominent, 
third  and  ninth  upper  and  fourth  lower  teeth  generally  larger  than  the  others,  first 
mandibular  tooth  received  into  a pit  or  perforation,  fourth  into  a lateral  notch  in  the 
cranium.  The  muzzle  is  longest,  and  the  teeth  are  less  differentiated  in  the  gharialoid 
forms  like  C.  cataphractus,  and  G.  champsoides,  which  not  improbably  indicate  a 
transition  towards  Thoracosaurus  and  Tomistoma. 

Distribution. — At  the  present  day  the  genus  occurs  in  America,  Africa,  Asia,  and 
Australia ; it  is  strongly  developed  in  nearly  all  the  tertiaries,  being  represented  in 
the  London  Clay’’  of  England  by  the  long-snouted  C.  champsoides,  and  in  the  middle 
eocene  by  the  short-shouted  C.  hastingsice,  Owen.® 

1 ‘Anzeig.  k Ak.  Wiss.’  1885.  pp.  107-109.  2 Amended  from  Gavialosuchus. 

3 ‘ Syst.  Nat.’  ed.  12.  vol.  I.  p.  359  (1766).  As  a subgenus  of  Laccrta. 

4 ‘ Fossil  Eeptilia  of  London  Clay,  etc.’  pt.  2.  p.  29.  pis.  II.  IIA.  (1850).  5 Hid.  p.  31.  pi.  III. 

6 In  some  instances  (e.y.  C.  hastingsice)  the  nasals  do  not  reach  the  anterior  nares,  although  they  do  so  in  most  species. 

7 0.  icenicus  and  C.  cantabrigiensis,  Seeley  (Quart.  Journ.  Geol.  Soc.’  vol.  XXX.  p.  693  [1874],  and  XXXII.  p.  437 

[1876]),  being  founded  on  vertebrae,  their  generic  determination  is  uncertain. 

5 Op.  cit.  p.  37.  pis.  VI.  VII. 
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Itecent  Asiatic  species. — The  following  species  are  found  in  Asia  at  the  present 
day : — 

A.  Palatal  aspect  of  premaxillae  short,  with  posterior  border  nearly  straight. 

Crocodilus  palustris,^  Lesson,  India.  Ceylon,  and  Burma.  Facial  portion  of  cranium  (pi. 
XXIX.  figs.  1.  la.)  very  broad;  sculpture  deep;  rugose  nodules  in  advance  of  orbit;  in- 
terorbital space  narrow  and  deeply  concave,  its  width  being  much  less  than  long  diameter 
of  orbit ; premaxillary  fissure  heart-shaped ; maxillo-premaxillary  suture  usually  extends  on 
palate  but  slightly  behind  anterior  border  of  fifth  alveolus  superior  surface  of  premaxillse 
shorter  than  external  narial  aperture ; facial  profile  concave.  In  old  individuals  the  facial 
part  of  the  cranium  is  relatively  wider,  and  more  convex  than  in  the  young. 

Crocodilus  siamensi.s,  Schneider.  Siam,  and  Cambodia.  General  characters  of  last  species, 
sculpture  on  face  much  less  deep,  with  slight  nodules  in  advance  of  orbits  ; interorbital  space 
wider  and  flatter,  its  width  being  nearly  equal  to  long  diameter  of  orbit ; palatal  aspect 
of  premaxillse  somewhat  longer. 

B.  Palatal  aspect  of  premaxillae  elongated,  with  centre  of  posterior  border  projecting  into  maxillae. 

Crocodilus  porosus,^  Schneider.  S.  Asia,  and  N.  Australia.  Facial  portion  of  cranium 

narrower  than  in  C.  palustris ; sculpture  slight ; an  elongated,  longitudinal,  sinuous  ridge  in 
advance  of  orbit ; interorbital  space  wide  and  somewhat  concave  ; premaxillary  fissure  a 
comparatively  narrow  slit ; maxillo-premaxillary  suture  extends  on  palate  as  far  back  as  hinder 
border  of  sixth  alveolus. 

Crocodilus  pondicherianus.  Gray.  S.  India.  Founded  on  a young  specimen ; general 
cranial  characters  apparently  those  of  C.  porosus. 

African  species, — Africa  is  inhabited  by  the  typical  G.  vulgaris.,  Cuvier,  in  which 
the  facial  portion  of  the  cranium  is  oblong  and  narrow,  with  preorbital  ridges,  and 
with  elongated  premaxillse  ; and  on  the  western  coast  by  O.  catapJir actus,  Cuvier,  in 
which  the  face  is  much  elongated,  and  the  differentiation  of  the  teeth  but  slight. 

Species  1.  Ceocodilus  sivalensis,  n.  sp.  noUs. 

(Allied  to  G.  palustris,  Lesson). 

History. — The  earliest  notice  of  this  form  appears  to  be  one  by  Clift,^  in  which 
some  specimens  are  recorded  from  the  Siwaliks  of  Burma,  which  were  regarded  as 
indicating  an  animal  closely  alied  to  G.  vulgaris ; a later  memoir  was  published  by 
Cautley,®  in  which  three  fragments  of  crania  from  the  Siwalik  Hills  are  described 
and  figured.  The  cranium  of  a recent  crocodile  is  figured  for  comparison,  but  was 
unfortunately  misidentified  ; it  being  named  C.  porosus  [hiporcatus),  whereas  it  really 
belongs  to  C.  palustris.  As  the  result  of  the  comparison,  the  conclusion  was  arrived 
at  that  the  fossil  was  a variety  of  the  existing  species, — i.e.  of  C.  palustris,  the  main 
difference  being  that  the  premaxillse  were  relatively  longer  in  the  former.  Manu- 
script notes  by  Falconer,  preserved  in  the  British  Museum,  appear  to  indicate  that 
he  took  the  same  view  of  the  affinities  of  the  Siwalik  form. 

Immature  crania, — The  British  Museum  possesses  a large  series  of  more  or  less 

1 Syn.  C.  bombifrous,  Gray.  2 Occasionally  it  extends  as  far  as  the  anterior  border  of  the  sixth  alveolus. 

3 Syn.  C.  biporcatus,  Cuvier.  4 ‘ Trans.  Geol  Soc.’  ser.  2.  vol.  II.  pt.  3.  p.  375  (1828). 

5 ‘Asiatic  Eesearches,,  vol.  XIX.  pp.  25-31.  pi.  II.  (1836).  Thetext  is  reprinted  in  ‘ Falconer’s Palfeontological  Memoirs,’ 

vol.  I.  pp.  344-350,  accompanied  with  figures  of  two  crania. 
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perfect  crania  from  the  Siwalik  Hills,  belonging  to  variously  aged  individuals  of  the 
present  form  ; and  as  those  which  are  immature  are  more  complete  than  those  which 
are  adult,  the  former  may  be  first  noticed.  The  most  perfect  specimen  (No.  39795) 
is  the  one  represented  in  plate  XXVIII.  figs.  1,  la  (of  one-third  the  natural  size),^ 
which  belongs  to  a half -grown  individual.  In  general  contour,  and  especially  in  the 
relative  shortness  of  the  palatal  aspect  of  the  premaxillse,  this  specimen  agrees 
more  closely  with  G.  jpalustris  and  C.  siamensis  than  with  any  other  recent  or  fossil 
crocodile,  and  comparisons  may  therefore  be  restricted  to  those  two  species.  Com- 
pared with  half -grown  crania  of  C.  palustris  (plate  XXIX.  figs.  1,  la)  the  fossil 
differs  by  the  smaller  degree  of  concavity  and  the  relatively  greater  width  of  the 
interorbital  bar,  although  this  is  shorter  than  the  long  diameter  of  the  orbiP ; by  the 
relatively  greater  length  of  the  upper  surface  of  the  premaxillse,  which  is  greater 
instead  of  less,  than  the  length  of  the  narial  aperture  ; and  by  the  smaller  develop- 
ment of  the  preorbital  rugose  nodules,  and  the  greater  depth  of  the  sculpture  on  the 
premaxillge.  The  greater  relative  length  of  the  upper  surface  of  the  premaxillae 
causes  the  centre  of  the  narial  aperture  to  be  situated  considerably  behind  the  notch 
for  the  fourth  mandibular  tooth,  instead  of  some  distance  in  advance  of  it.  On  the 
palatal  asjDect  the  maxillo-premaxillary  suture  forms  a blunt  inverted  V and  extends 
as  far  back  as  the  sixth  dental  alveolus,  whereas  in  equal-aged  specimens  of 
G.  palustris  (pi.  XXIX.  fig.  la)  it  usually  runs  straight  across  the  palate  and  does 
not  extend  behind  the  anterior  border  of  the  fifth,  although  there  are  occasional 
instances  where  it  reaches  the  anterior  border  of  the  sixth  alveolus. 

The  next  specimen  (No.  39796)  comprises  the  anterior  portion  of  the  cranium 
and  mandible,  and  has  the  same  general  characters  as  the  preceding.  The  third 
specimen  (No.  39797)  comprises  both  the  cranium  and  mandible;  and  although  the 
maxillo-premaxillary  suture  is  not  visible  on  the  palatal  aspect,  the  specimen  agrees 
in  all  other  characters  with  No.  39795,  the  relatively  great  width  of  the  interorbital 
bar  being  very  well  marked.®  The  fourth  specimen  (No.  39798),  which  likewise 
comprises  the  greater  part  of  the  cranium  and  mandible,  is  represented^  from  the 
lateral  aspect  of  one-fourth  the  natural  size  in  plate  XXVIII.  fig  3 : it  agrees  with 
the  foregoing  specimens  in  all  essential  characters  (especially  those  of  the  pre- 
maxilla and  interorbital  bar),  but  the  anterior  part  of  the  cranium  is  relatively 
broader.  The  concavity  of  the  facial  profile,  which  is  a character  common  to  the 
Siwalik  form  and  G.  palustris,  is  well-shown  in  this  specimen. 

An  unnumbered  palatal  specimen  belonging  to  a rather  older  individual  agrees 
with  the  preceding  specimens ; the  maxillo-premaxillary  suture  extending  as  far 
back  as  the  sixth  alveolus,  and  the  facial  aspect  of  the  premaxillse  being  considerably 
longer  than  the  external  narial  aperture. 

1 The  specimen  is  also  figured  in  “ Falconer’s  Palaeontological  Memoirs,”  vol.  I.  pi.  XXVIII.  figs.  2,  3. 

2 In  the  fossil  the  two  diameters  are  1'6  and  2’0  inches  ; and  in  the  figured  cranium  of  C.  palustris  1’4  and  2’2  inches. 

3 The  width  of  the  bar  is  1‘9  and  the  length  of  the  orbit  2‘2  inches. 

4 Also  figured  in  ” Falconer’s  Palaeontological  Memoirs,”  vol.  1.  pi.  XXVIII.  fig.  1. 
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Adult  crania. — Of  adult  crania  there  are  two  specimens  comprising  the  anterior 
portion  : the  first  (No.  39800)  is  represented,  of  one-third  the  natural  size,  in  plate 
XXIX.  figs.  2,  2a ; the  alveolar  borders  having  been  cut  and  polished  in  order  to 
exhibit  sections  of  the  teeth.  The  second  specimen  (No.  39081),  which  has  the 
mandibular  symphysis  attached,  is  figured  in  plate  II.  figs.  2,  4 of  Cautley’s  memoir 
already  cited ; it  agrees  precisely  in  general  characters  with  No.  39800.  In  the 
latter  the  maxillo-premaxillary  suture  is  V-shaped  and  extends  on  the  palate  as  far 
back  as  the  hinder  border  of  the  sixth  dental  alveolus;  the  length  of  the  facial 
aspect  of  the  premaxillse  considerably  exceeds  that  of  the  external  narial  aperture^ 
(whereas  it  is  always  less  in  adult  crania  of  G.  palustris);  and  the  centre  of  the 
narial  aperture  is  consequently  situated  considerably  behind  the  notch  for  the  fourth 
mandibular  tooth ; the  facial  sculpture  is  much  more  rugose  than  in  the  latter,  this 
feature  being  especially  marked  on  the  extremities  of  the  premaxillm  which  are 
almost  smooth  in  the  adult  C.  palustris ; the  lateral  rugose  nodosities  (a)  on  the 
maxillse  are  also  more  strongly  marked  than  in  the  recent  species.  The  width  of  the 
fossil  cranium  across  the  ninth  tooth  is  10  inches,  the  corresponding  width  in  an 
adult  G.  palustris^  being  9 ’4  inches,  and  the  length  from  the  quadrate  to  the  pre- 
maxilla 22  inches  : this  indicates  that  the  fossil  attained  a size  fully  equal  to  that  of 
C.  palustris.  Neither  of  the  fossil  crania  show  the  lateral  sutures  on  the  facial  aspect. 

Young  crania. — One  of  the  most  beautiful  examples  of  this  form  in  the  British 
Museum  is  a very  young  cranium  with  the  mandible  still  attached  (No.  40823), 
which  measures  rather  less  than  four  inches  in  length,  and  is  in  exquisite  preserva- 
tion. Although  some  of  the  characteristic  features  are  not  shown,  yet  this  specimen 
agrees  very  closely  with  the  older  crania  noticed  above  ; it  exhibits  the  sutures 
bounding  the  nasals,  and  the  relative  width  of  those  bones  is  thus  seen  to  be 
considerably  greater  than  in  C.  palustris.  The  British  Museum  also  possesses  the 
right  maxilla  of  an  individual  about  one-and-a-half  times  the  size  of  the  preceding. 

Burmese  specimen. — A portion  of  the  left  preniaxilla  and  maxilla  of  a crocodile 
in  the  Indian  Museum  (No.  E.  34)  collected  by  Mr.  W.  T.  Blanford  in  the  Siwaliks 
of  Burma,  apparently  belongs  to  a subadult  individual  of  the  present  species. 

Punjab  crocodile. — From  the  Siwaliks  of  Asnot,  Punjab,  Mr.  Theobald  has 
collected  four  fragments  of  the  skull  of  a crocodile  (Indian  Museum  Nos.  E.  33,  37, 
39,  40)  which  may  very  probably  have  belonged  to  the  present  species,  although 
they  are  insufficient  to  afford  a certain  determination. 

Mandible. — The  mandibles  attached  to  the  immature  crania  noticed  above  do 
not  appear  to  present  any  characters  by  which  they  can  be  distinguished  from 
C.  palustris.  The  symphysial  extremity  of  an  older  mandible  collected  by  Mr. 
Theobald  from  the  Siwaliks  of  the  Punjab  (plate  XXIX.  fig.  4)  which  may  be 
provisionally  referred  to  the  present  species,  appears  likewise  indistinguishable  from 

1 The  length,  of  the  premaxilla  is  5’0  and  that  of  the  narial  aperture  3 '4  inches  ; in  a suhadult  cranium  of  0.  palustris 

(B.M.  No.  68.  4.  9.  11)  the  corresponding  dimensions  are  2’2  and  2‘3  inches. 

2 The  specimen  figured  by  Gray  on  page  10  of  the  “ Supplement  to  the  Catalogue  of  Shield- Reptiles  ” pt.  2 (1872). 
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tlie  mandible  of  the  existing  species. 

Specific  distinctness  and  affinities. — The  extreme  rugosity  of  the  facial  sculpture 
of  the  species  under  consideration,  together  with  the  narrower  interorbital  bar,  at 
once  indicates  its  specific  distinctness  from  C.  siamensis,  and  it  therefore  only  remains 
to  consider  whether  the  differences  noticed  above  are  of  sufficient  importance  to 
specifically  distinguish  it  from  C.  palustris.  These  differences  may  be  summarised 
as  follows,  vis. — 

1.  The  greater  relative  width  of  the  interorbital  bar. 

2.  The  greater  relative  length  of  the  facial  aspect  of  the  premaxilla,  and  the  consequent  more 

backward  position  of  the  anterior  nares. 

3.  The  inverted  V-shape  and  greater  backward  extension  of  the  maxillo-premaxillary  suture  on  the 

palatal  aspect. 

4.  The  greater  rugosity  of  the  facial  sculpture,  more  especially  on  the  premaxillae  of  the  adult. 

5.  The  smaller  development  of  the  preorbital  rugose  nodosities. 

6.  The  wider  nasals  (only  noticed  in  the  young). 

Taken  together  the  foregoing  well-marked  characters  appear  sufficient  to  distinguish 
the  Siwalik  crocodile  from  the  typical  form  of  the  allied  existing  species.  There  is, 
however,  a variety  of  the  latter  from  Ceylon,^  which  approaches  the  fossil  in  the 
character  No.  3,  and  therefore  tends  to  diminish  the  value  of  the  differences  ; but  as 
the  few  examples  of  this  variety  seen  by  the  writer  do  not  present  the  other 
characteristic  features  of  the  fossil  there  are  still  good  grounds  for  regarding  the 
latter  as  specifically  distinct,^  and  the  new  name  C.  sivalensis  is  accordingly 
proposed. 

That  C.  sivalensis  is  the  ancestral  form  of  G.  palustris  there  can  be  no  reasonable 
doubt,  and  the  Ceylon  variety  of  the  latter  must  apparently  be  regarded  as  one 
retaining  traces  of  a closer  affinity  with  the  ancestral  species  than  is  the  case  with 
the  typical  race.  The  direction  and  position  of  the  maxillo-premaxillary  suture  on 
the  palate  of  G.  sivalensis  seems  to  indicate  a less  degree  of  specialization  than  that 
occurring  in  typical  examples  of  G.  palustris ; or,  in  other  words,  is  less  widely 
removed  from  the  C.  porosus  and  C.  vulgaris  type,  which  as  being  nearer  to 
Gharialis  is  probably  a more  generalized  one.  It  is,  however,  very  remarkable  that 
in  the  English  middle  eocene  C.  hastingsice^  the  position  of  the  above-mentioned 
suture  is  nearly  the  same  as  in  the  G.  palustris  group.  This  fact,  together  with  the 
occurence  of  Gharialis  in  the  same  beds,  may  perhaps  indicate  that  the  origin  of  the 
latter  group  is  to  be  traced  to  the  English  middle  eocene  species,  which  attained 
a comparatively  high  degree  of  specialization.  The  occurrence  of  the  present  and 
the  next  species  in  the  upper  tertiaries  of  India,  and  the  apparent  total  absence  in 

1 Vide  Gray  “ Supplement  to  the  Catalogue  of  Shield-Eeptiles  ” pt.  2.  p.  11  (1872). 

2 The  difficulty  of  deciding  as  to  what  should  be  considered  specific  and  what  merely  varietal  characters  in  the  case  of 

those  Siwalik  reptiles  which  are  evidently  the  ancestors  of  existing  Indian  species  has  been  already  mentioned  in  the 
preceding  part  (p.  186).  The  view  there  adopted  of  regarding  as  specifically  distinct  any  form  which  can  be  well 
distinguished  from  its  living  ally  has  been  followed  here. 

3 Vide  Owen  and  Bell  “ EeptUes  of  the  London  Clay,  etc,”  pt.  2 pi.  VII.  In  this  species  the  nasals  do  not  reach  the 

anterior  nares. 
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the  same  of  any  form  allied  to  C.  porosus,  coupled  with  the  circumstance  that  the 
latter  (or  a closely  allied  form)  occurs  fossil  in  Queensland,  as  is  shown  by  examples 
from  Darling-Downs  in  the  British  Museum,  indicates  that  while  the  C.  palustris 
group  from  the  pliocene  upwards  is  an  essentially  Indian  one,  that  of  G.  porosus  is 
of  Australoid  origin  and  a later  immigrant  into  India.  This  is  quite  in  harmony 
with  the  suggestion  that  the  C.  palustris  group  may  have  been  derived  from  the 
crocodiles  of  the  English  eocene ; and  is,  perhaps,  confirmed  by  the  present 
distribution  of  C.  palustris  and  C.  porosus ; the  former  according  to  Mr.  Theobald^ 
being  distributed  over  the  whole  of  India  and  Ceylon  and  being  comparatively  rare 
in  Burma,  while  the  latter  is  very  common  in  Burma  and  the  east  coast  of  the  Bay 
of  Bengal,  much  rarer  in  Bengal,  and  apparently  absent  from  Ceylon.  Similarly 
C.  pondicherianus^ — the  other  member  of  the  C.  porosus  group — has  been  hitherto 
recorded  only  from  the  eastern  coast  of  India.  C.  siamensis  must  probably  be 
regarded  as  a member  of  the  C.  palustris  group  which  has  migrated  from  the 
neighbourhood  of  India. 

Distribution. — Assuming  that  the  Punjab  specimens  noticed  above  belong  to  the 
present  species,  its  range  will  have  extended  from  the  Punjab  through  the  typical 
Siwalik  Hills  to  Burma. 

Species  2.  Crocodilus  pal.®:indicus,  Falconer.^ 

History. — The  characters  of  this  species  were  never  defined  and  the  name  might 
therefore  be  treated  as  a manuscript  one,  but  the  writer  has  followed  his  usual  rule 
of  adopting  Falconer’s  names  in  almost  all  cases  where  they  occur  in  print  and  can 
be  identified  with  the  type  specimen. 

Type  cranium. — The  type  cranium,  which  is  represented  in  pi.  XXVIII.  figs. 
2,  2a,  and  XXIX.  fig.  3,  was  obtained  in  the  winter  of  1836-37  by  Captain  George 
Fulljames  from  the  Siwaliks  of  Perim  Island,  Gulf  of  Cambay,  on  whose  behalf  it 
was  exhibited  at  a meeting  of  the  Asiatic  Society  of  Bengal  on  February  1st,  1837  ; 
and  is  noticed  in  the  ‘ Journ.  As.  Soc.  Beng.’  vol.  VI.  p.  79  (1837)  as  the  skull  of  a 
saurian.  In  his  “Catalogue  of  the  Fossil  Vertebrata  in  the  Museum  of  the  Asiatic 
Society  of  Bengal,”^  Falconer  observes  that  the  specimen  resembles  in  general  form 
the  cranium  of  C.  palustris^  and  that  it  required  minute  and  detailed  comparison 
with  the  existing  Indian  species.  As  will  be  seen  from  the  figures,  the  specimen, 
which  appears  to  be  subadult,  is  in  a very  fine  state  of  preservation,  and  amply 
sufiicient  for  specific  determination. 

As  the  specimen  appears  to  indicate  a species  allied  to  the  C.  palustris  group  it 
will  be  convenient  to  compare  it  in  the  first  place  with  the  other  members  of  that 
group.  From  the  existing  C.  siamensis  it  is  at  once  distinguished  by  the  relatively 
narrower  interorbital  bar  (whose  length  is  much  less  than  the  longer  diameter  of  the 
orbit),  and  the  strongly  marked  facial  sculpture.  Compared  with  G.  palustris  the 

1 “ Reptiles  of  Britisli  India,”  p.  36  (1876). 

2 “ Catalogue  of  Rossil  Vertebrata  in  Museum  of  Asiatic  Society  of  Bengal,”  p.  200  (1859).  3 Page  200. 
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most  striking  difference  is  the  convexity  of  the  facial  profile  (pi.  XXVIII.  fig.  2a), 
caused  by  the  well-marked  prominence  situated  on  the  nasals  half-way  between  the 
external  nares  and  the  orbits ; this  character  equally  distinguislies  the  specimen  from 
C.  sivalensis  (pi.  XXVIII.  fig.  3).  The  expansion  at  the  ninth  tooth  is  decidedly 
greater  than  in  either  G.  palustris^  or  G.  sivalensis  ; and  there  is  a total  absence  of 
the  preorbital  nodose  rugosities  of  G.  palusiris,  in  which  respect  the  fossil  comes 
nearer  to  G.  sivalensis.  The  deep  concavity  which  occurs  behind  the  maxillo- 
premaxillary  suture  both  in  G.  palustris  and  G.  sivalensis  is  almost  entirely  wanting. 
The  nasals  are  relatively  wider  than  in  the  former  species,  and  thereby  agree  with 
0.  sivalensis.  The  facial  sculpture  has  the  pits  more  elongated  than  in  C.  palustris  ; 
but  the  extremities  of  the  premaxillae  are  almost  smooth,  as  in  that  species,  and 
thereby  differ  widely  from  0.  sivalensis.  The  premaxillae  likewise  agree  with  those 
of  the  former  species  in  the  relative  shortness  of  their  facial  aspect,  the  length  of 
which  is  considerably  less  than  that  of  the  narial  aperture.  The  relative  position  of 
the  latter  is  the  same  as  in  C.  palustris,  but  it  is  of  relatively  larger  size,  and  its 
posterior  half  proportionately  wider.^  On  the  palatal  aspect  (pi.  XXVIII.  fig.  2) 
the  fossil  agrees  with  C.  palustris  and  0.  sivalensis  in  the  relatively  wide  maxillae  and 
premaxillse,  and  it  is  probable  that  it  also  agreed  in  the  form  and  position  of  the 
premaxillary  fissure  (/?m. /.),  of  which  the  boundaries  are  imperfect;  the  maxillo- 
premaxillary  suture  differs,  however,  from  that  of  the  typical  form  of  the  former 
species  by  extending  as  far  back  as  the  seventh  alveolus,  and  also  differs  from  the 
Ceylon  variety  of  that  species  and  from  C.  sivalensis  by  its  direction,  which,  instead 
of  forming  an  inverted  V,  is  directed  inwards  and  backwards  on  the  two  sides  but 
transversely  towards  the  middle  of  the  palate. 

Other  specimens. — A much-damaged  middle  portion  of  a cranium  from  Perim 
Island  in  the  Indian  Museum  (No.  E.  185)  shows  the  nasal  protuberance  characteristic 
of  the  type  specimen.  A second  specimen^  in  the  latter  collection  (No.  E.  35)  from 
the  same  locality,  comprising  the  anterior  portion  both  of  the  cranium  and  the 
mandible,  but  in  a much-weathered  condition,  likewise  exhibits  the  characteristic 
convex  facial  profile.  The  middle  portion  of  a younger  cranium  in  the  Indian 
Museum  (No.  E.  32)  obtained  by  Mr.  W.  T.  Blanford  from  Perim  Island  appears 
to  agree  in  the  form  of  its  profile  with  the  type,  but  the  maxillo-premaxillary  suture 
does  not  extend  quite  so  far  back.  The  British  Museum  possesses  two  specimens 
from  Perim  Island  which  were  transferred  from  the  old  Indian  Museum  ; the  one 
shows  the  anterior  part  of  the  cranium,  and  the  other  that  of  both  cranium  and 
mandible,  and  both  exhibit  the  characteristic  nasal  prominence,  and  on  the  palatal 
aspect  the  maxillo-premaxillary  suture  extending  backwards  as  far  back  as  the 
seventh  alveolus. 

1 Compare  the  figures  of  specimens  of  all  ages  given  by  Gray  in  the  “ Catalogue  of  Shield- Reptiles,”  pt.  2,  pp.  10-12. 

2 The  borders  of  the  anterior  half  have  been  somewhat  broken  in  the  specimen. 

3 This  is  the  specimen  (No.  P.  197)  noticed  on  page  214  of  Falconer’s  “ Catalogue  of  Fossil  Vertehrata  in  Museum  of 

Asiatic  Society  of  Bengal.”  The  matrix  leaves  no  doubt  as  to  its  place  of  origin. 
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Distinctness  and  affinities. — With  the  exception  of  a slight  variation  in  the 
position  of  the  niaxillo-premaxillary  suture  in  one  example,  the  preceding  specimens 
show  that  the  characters  of  the  type  cranium  of  the  Perim  Island  Siwalik  crocodile 
are  constant  ones,  while  the  comparisons  already  instituted  indicate  the  specific 
distinctness  of  this  form  both  from  C.  'palustris  and  0.  sivalensis.  From  0.  siamensis 
the  Perim  crocodile  is  readily  distinguished  by  the  deeper  facial  sculpture,  and  the 
relatively  narrower  interorbital  bar ; and  as  it  presents  no  resemblance  to  C.  porosus, 
and  therefore  presumably  none  to  C.  pondicherianus,  and  does  not  approach  any  other 
species  as  closely  as  it  does  the  C.  palustris  group,  its  right  to  specific  distinction 
appears  evident,  and  Falconer’s  name  may  accordingly  be  retained. 

That  G.  palceindicus  is  a member  of  the  C.  palustris  group  is  perfectly  evident ; 
but  the  peculiar  facial  profile  appears  to  indicate  that  it  is  an  aberrant  form  which 
diverged  at  a comparatively  early  period  from  the  type  stock;  as  in  the  case  of 
0.  sivalensis,  the  more  backward  position  of  the  maxillo-premaxillary  suture  on  the 
palate  indicates  a species  somewhat  less  differentiated  from  other  existing  crocodiles 
than  is  G.  palustris. 

Distribution. — Remains  of  this  species  have  been  hitherto  recognized  only  from 
the  Siwaliks  of  Perim  Island. 

Grenus  II.  Ghaeialis,  Geoffrey.^ 

Syn.  Leptorhynchus,  Clift. ^ 

Definition. — As  already  mentioned,^  it  appears  not  improbable  that  the  so-called 
Holops  from  the  upper  cretaceous  of  N.  America  may  be  included  in  the  present 
genus  in  the  sense  in  which  that  term  is  here  employed.  With  the  probability  of 
that  inclusion  the  genus  may  be  provisionally  defined  as  follows,  vis.'. — Skull 
elongated  into  a rostrum,  teeth  numerous  in  the  existing  species),  nasals 

separated  by  a long  interval  from  the  prernaxillse,  1st  and  4th  mandibular  teeth 
biting  into  notches  in  the  cranium  (1st  notch  roofed  over  in  Q.  pachyrhynchus),  upper 
and  lower  teeth  interlocking,  splenial  entering  into  mandibular  symphysis,  facial 
profile  curved  in  front  of  orbit.  The  extremity  of  the  rostrum  is  frequently 
expanded,  the  anterior  border  of  the  orbit  may  be  prominent  or  not,  and  interdental 
pits  may  or  may  not  be  present  in  the  maxilla  for  the  reception  of  the  tips  of  the 
mandibular  teeth.  An  additional  upper  tooth  between  the  proper  first  and  second 
is  usually  present. 

Number  of  species. — The  genus  is  represented  at  the  present  day  solely  by  the 
Indian  O.  gangeticus ; in  which  the  teeth  number  the  mandibular  symphysis 

(25“26) 

extends  to  the  twenty-third  or  twenty-fourth  tooth,  the  anterior  border  of  the  orbit  is 
prominent,  most  of  the  lateral  teeth  are  directed  obliquely,  and  those  of  the  lower 
jaw  are  not  received  into  pits  in  the  maxilla. 

1 ‘Mem.  d.  Museum,’  vol.  XII.  p.  97  (1825).  Amended  from  Gmialis. 

2 ‘Trans.  Geol.  Soc.’  ser.  3.  vol.  II  pt.  3.  p.  375  (1828).  3 Vide  supra,  page  211. 
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From  the  middle  eocene  of  Bracklesham  Gharialis  dixoni,  Owen/  has  been 
described  on  the  evidence  of  portions  of  the  mandible  and  vertebrae ; the  teeth  are 
larger,  placed  farther  apart,  and  less  compressed  than  in  G.  gangeticus,  while  there 
are  more  distinctly  defined  interdental  pits  in  the  hinder  part  of  the  mandibular 
symphysis. 

The  upper  cretaceous  pisolite  of  Mont  Aimd  (Marne),  France,  has  yielded  the 
so-called  G.  macrorhynchus  (Blainville),^  which,  as  stated  above,®  has  been  referred  on 
what  appear  to  be  somewhat  insufficient  grounds  to  the  American  fossil  genus 
Thoracosaurus.  The  cranium  has  the  extremity  of  the  rostrum  expanded,  and  is  so 
like  that  of  G.  gangeticus,  that,  in  the  apparent  absence  of  any  evidence  as  to  the 
presence  or  absence  of  a prelachrynial  vacuity,  the  writer  prefers  to  retain  it 
provisionally  in  the  existing  genus.  The  anterior  border  of  the  orbit  is  not 
prominent. 

Most  of  the  N.  American  upper  cretaceous  forms  described  under  the  name  of 
IIolops'^  seem  to  be  known  merely  by  vertebrae.  Numerous  Indian  fossil  forms  are 
described  in  the  sequel  which  indicate  that  the  genus  formerly  attained  a great 
development  in  that  country.  The  occurrence  of  these  fossil  forms,  and  the  apparent 
absence  of  any  species  in  the  tertiaries  of  Europe  of  later  date  than  the  middle 
eocene,  seems  to  indicate  that  the  genus  migrated  eastwards  from  Europe  during  the 
tertiary  period.  The  occurrence  of  Tomistoma  in  the  reputed  miocene  of  the 
Maltese  Islands  and  lower  Austria  seems  to  indicate  a similar  migration  of  that 
genus. 

Group  A, — No  pits  in  the  cranial  rostrum  for  any  of  the  mandibular  teeth. 

Species  1.  Gharialis  gangeticus  (Gmelin®). 

Syn.  Lacerta  gangetica^  Gmelin.®  Crocodilus  longirostris,  Schneider.'^ 

Crocodilus  gangeticus^  Cuvier.^  Crocodilus  tenuirostris,  Cuvier.® 

Leptorhynchus  clifti.,  Meyer.“  Leptorhynchus  gangeticus^  Auct. 

History  of  fossil  form. — The  first  record  of  the  occurrence  of  a fossil  gharial  in 
the  Siwaliks  is  by  Clift,“  who  described  some  remains  obtained  by  Crawfurd  in 
Burma,  and  regarded  them  as  allied  to,  or  identical  with,  the  existing  species ; on 
these  specimens  Meyer’s  Leptorhynchus  clifti  was  founded.  At  a later  date  more  perfect 
remains  were  described  and  figured  by  Cautley,^®  from  the  Siwalik  Hills,  who 
referred  them  to  the  existing  species.  In  his  “ Catalogue  of  Fossil  Vertebrata 
in  the  Museum  of  the  Asiatic  Society  of  Bengal  ” (p.  165),  Falconer  confidently 
identifies  a cranium  from  the  Siwalik  Hills  with  the  existing  species. 

Crania. — The  British  Museum  possesses  a considerable  number  of  imperfect 
crania  (some  of  which  have  the  mandible  attached)  from  the  Siwalik  Hills,  of  which 

1 “ Reptiles  of  the  London  Clay,  etc.,”  pt.  2.  p.  46,  pi.  X. 

2 Fitfs  Gervais  “ Zool.  et  Pal.  Franqaises,”  2nd  ed.  p.  447.  pi.  LIX.  3 Page  211.  4 Vide  supra  j)a.ge  211. 

5 “ Systema  Naturae,”  vol.  I.  pt.  3.  p.  1057  (1789).  Lacerta.  6 Loo.  cit. 

7 ‘‘  Historia  Amphibiorum,”  p.  160.  (1799-1801).  8 ‘ Ann.  d.  Museum,’  vol.  X.  p.  66  (1807j.  9 Loc.  cit. 

10  “ Palaeologica,”  p.  108  (1832).  H ‘Trans.  Geol.  Soc,’  ser.  2.  vol.  II.  pt.  3.  p.  375.  (1828) 

12  ‘ Asiatic  Researches,’  vol.  XIX.  pp.  32-38,  pi.  III.  (1836) 


SIWALIK  CROCODILIA,  LACERTILIA,  AND  OPHIDIA. 


13—221 


a few  of  the  more  important  may  be  noticed.  No.  36726  comprises  the  hinder  part 
of  the  cranium  and  mandible  of  an  adult ; No.  39089  likewise  belongs  to  an  adult 
and  consists  of  the  hinder  part  of  the  cranium  only,  it  is  figured  of  one-third  the 
natural  size  in  plate  XXX.  fig.  2^ ; No.  36727  is  the  hinder  part  of  the  cranium  of 
a half-grown  individual,  and  has  a portion  of  the  mandible  attached.  The  larger 
of  these  specimens  somewhat  exceed  in  size  the  largest  recent  gharial  skull  in  the 
British  Museum,  but  agree  precisely  in  every  detail : — thus  the  supratemporal  fossae 
are  relatively  large,  and  separated  by  a narrow  bar,  the  bar  of  bone  forming  their 
posterior  border  being  also  narrow ; the  orbits  are  very  widely  separated,  and  the 
intervening  frontal  bar  is  deeply  concave.  In  the  Indian  Museum  (No.  E.  25)  there 
is  the  hinder  part  of  a half-grown  cranium  from  the  Siwalik  Hills,  described  by 
Falconer  on  pp.  165-6  of  his  “Catalogue  of  Fossil  Vertebrata  of  Asiatic  Society  of 
Bengal.”  The  British  Museum  possesses  the  hinder  half  of  a large  adult  cranium 
(No.  40695),  as  well  as  a smaller  specimen,  from  the  Siwaliks  of  Perim  Island ; and 
there  is  the  hinder  half  of  a young  cranium  from  the  same  locality  in  the  Indian 
Museum  (No.  E.  188).  All  these  specimens  agree  with  recent  examples  and  with 
those  from  the  Siwalik  Hills.  Of  the  rostral  portion  of  the  cranium  the  British 
Museum  possesses  several  specimens  from  the  Siwalik  Hills ; the  one  represented  in 
plate  XXX.  fig.  3 belongs  to  a subadult  individual,  while  the  larger  one  represented 
in  fig.  1 of  the  same  plate^  from  the  frontal  aspect  belongs  to  a fully  adult  individual, 
and  comprehends  the  rostral  portion  of  both  the  cranium  and  mandible.  The 
specimen  of  the  premaxillse  of  an  immature  individual  represented  in  plate  XXX. 
figs.  4,  4a  was  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the  Kangra  district ; 
and  there  are  other  less  perfect  specimens  in  the  Indian  Museum  from  the  Punjab. 
All  the  foregoing  examples  exhibit  the  straight  rostrum  and  the  terminal  expansion 
of  the  premaxillae  so  characteristic  of  the  recent  form.  The  hinder  part  of  the 
rostrum  of  a very  large  specimen  from  the  Siwaliks  of  Burma  preserved  in  the 
Indian  Museum  (No.  E.  21)  apparently  belongs  to  the  present  form. 

Mandible. — The  terminal  portion  of  the  right  half  of  a mandibular  symphysis 
from  the  Siwalik  Hills  represented  in  plate  XXX.  fig.  5 shows  the  characteristic 
lateral  expansion  at  the  second  tooth.  A less  complete  specimen  in  the  Indian 
Museum  (No.  E.  19),  belonging  to  the  opposite  side,  as  well  as  specimens  from  the 
Punjab  (No.  E.  20 j exhibit  the  same  feature. 

Teeth. — The  crown  of  a tooth  from  the  Siwaliks  of  the  Punjab,  agreeing 
precisely  with  the  teeth  of  the  specimen  drawn  in  fig.  1,  is  represented  in  plate 
XXX.  fig.  6.  It  may  be  observed  that  the  teeth  of  the  gharial  are  slightly 
compressed  at  right  angles  to  the  two  longitudinal  ridges,  and  are  set  in  the  jaw 
with  these  ridges  directed  transversely ; the  dental  alveoli  having  their  transverse 
diameter  rather  longer  than  the  antero-posterior. 

Distribution. — According  to  Mr.  Theobald^  the  gharial  is  found  at  the  present 

1 Also  figured  (j')  in  “ Falconer’s  Palaiontological  Memoii-s,”  vol.  I.  pi.  XXVIII.  figs.  4,  5. 

2 Figured  from  the  ventral  aspect  in  “ Falconer’s  Palaeontological  Memoirs,”  vol.  I.  pi.  XXIX.  fig.  5. 
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day  in  Bengal,  the  North-West  Provinces,  and  Akyah ; while  the  present  writer 
possesses  the  skull  of  a specimen  collected  by  Mr.  Theobald  from  the  Indus  basin. 
In  the  pliocene  the  species  occurs  in  Perim  Island,  the  Punjab,  and  thence  through 
tlie  Siwalik  Hills,  and  also  in  Burma ; it  is  unknown  in  the  lower  Siwaliks  of  Sind. 

Species  2.  Gharialis  hysudeicus,  n.  sp.,  nohis. 

History. — The  type  specimen  of  this  species  has  been  figured  in  “ Falconer’s 
Palseontological  Memoirs.”  vol.  I.  pi.  XXIX.  fig.  3.  under  the  name  Crocodilus 
fLcptorhijnchusJ  leptodns^  from  whicli  it  is  widely  different ; while  another  specimen 
was  referred  by  Falconer  in  MS.  to  G.  gangeticus. 

Hostr at  portion  of  the  skull. — In  plate  XXXII.  figs.  1,  la,  lb,  Ic,  there  are  given 
three  views  and  a transverse  section  of  the  cranial  rostrum  of  a gharial  from  the 
Siwalik  Hills  preserved  in  the  British  Museum,  which  differs  considerably  from  the 
corresponding  portion  of  the  cranium  of  the  existing  sj)ecies.  The  specimen  has 
the  hinder  portion  of  the  mandibular  rostrum  lying  obliquely  across  its  upper  surface, 
and  is  so  figured  in  “ Falconer’s  Palseontological  Memoirs,”  vol.  I.  pi.  XXIX.  fig.  3, 
under  the  name  of  Crocodilus  (LeptoidiynchusJ  leptodus.  Superiorly  the  cranial 
rostrum  is  broken  off  immediately  in  advance  of  the  orbits,  but  on  the  palatal  aspect 
it  exhibits  the  anterior  extremity  of  the  palatines,  and  part  of  the  palatal  vacuities : 
twenty-two  teeth  still  remain,  and  it  is  pretty  evident  that  the  rostrum  was  relatively 
as  long  as  in  the  existing  species.  Compared  with  the  cranium  of  the  latter  the 
descent  from  the  orbit  to  the  rostrum  (pi.  XXXII.  fig.  lb)  is  much  more  sudden  and 
much  greater ; so  that  the  middle  portion  of  the  rostrum  is  placed  relatively  lower 
in  respect  to  the  parietal  plane  of  the  cranium  : it  is  probable  that  the  extremity  of 
the  rostrum  was  bent  upwards  to  a small  extent.  As  in  the  existing  species  the 
mesial  j)ortion  of  both  the  cranial  and  mandibular  elements  of  the  rostrum  is 
flattened,  wliile  the  borders  are  bevelled  away.  The  teeth  agree  in  relative  size  with 
those  of  the  existing  species,  and  there  are  ten  alveoli  placed  behind  the  anterior 
termination  of  the  splenial  element  of  the  mandible.  The  specimen  indicates  an 
animal  decidedly  larger  than  the  fossil  race  of  G.  gangeticus.  The  British  Museum 
possesses  another  specimen  (No.  R.  325)  from  the  Siwalik  Hills  comprising  the  hinder 
portion  of  a mandibular  symphysis  agreeing  in  all  respects  with  the  preceding 
specimen. 

Hinder  part  of  cranium. — The  hinder  portion  of  the  cranium  of  a gharial  from 
the  Siwalik  Hills  preserved  in  the  British  Museum  and  represented  from  the  facial 
aspect  in  plate  XXXI.  fig.  3,  indicates  an  individual  somewhat  exceeding  in  size  the 
largest  fossil  individuals  of  G.  gangeticus.  It  differs  from  adult  crania  of  that  species 
by  the  much  closer  approximation  of  the  orbits,  by  the  inferior  size  of  the  supra- 
temporal  fossae,  and  the  greater  relative  width  of  the  parietal  bar  dividing  the  two 
latter,  by  the  greater  lateral  expansion  of  the  jugal  and  quadrate- jugal,  and  the 


1 In  th.e  plate  and  description  the  name  is  given  simply  Crocodilus  leptodus,  but  Leptorhynchus  is  added  on  page  355. 
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much  more  sudden  fall  in  advance  of  the  orbits  towards  the  rostrum.  In  adult 
crania  of  the  existing  species  the  width  of  the  bar  dividing  the  supratemporal  fossae 
is  about  one-fifth  the  interorbital  width/  whereas  in  the  present  specimen  the  former 
diameter  is  nearly  equal  to  one-half  the  latter.  On  the  palatal  aspect  the  specimen 
apparently  agrees  very  closely  with  G.  gangeticus. 

That  the  specimen  under  consideration  is  specifically  distinct  from  the  existing 
gharial  there  can  be  no  reasonable  doubt ; and  since  it  accords  well  in  relative  size 
with  the  cranial  rostrum  described  above,  and  also  in  the  sudden  descent  in  advance 
of  the  orbits,  there  is  a great  probability  that  it  belongs  to  the  same  species. 
Unfortunately,  however,  the  hinder  part  of  the  cranium  of  G.  leptodus^  is  unknown, 
and  it  might,  therefore,  be  inferred  that  the  present  specimen  belongs  to  that  species ; 
the  rostrum  of  the  latter  differs,  however,  so  widely  from  G.  gangeticus  that  it  is 
probable  that  the  hinder  part  of  the  cranium  would  likewise  differ  more  widely  from 
that  of  the  latter  than  the  present  specimen  does  : still  the  specific  reference  of  the 
latter  must  be  regarded  as  provisional. 

Undetermined  mandibular  symphysis. — In  plate  XXXI.  fig.  4 there  is  represented 
from  the  oral  aspect  the  extremity  of  the  mandibular  symphysis  of  a gharial  from 
the  Siwaliks  of  Perim  Island  which  may  possibly  belong  to  a small  individual  of  the 
present  species.  The  free  extremity  is  unfortunately  imperfect,  but  the  direction  of 
the  anterior  alveolus  showed  that  this  contained  the  first  tooth.  This  being 
determined  it  is  evident  that  the  specimen  differs  from  G,  gangeticus  by  the  absence 
of  any  lateral  expansion  at  the  second  tooth.  Unfortunately  neither  of  the  pre- 
ceding specimens  show  the  extremity  of  the  rostrum,  but  it  is  not  improbable  that 
this  may  have  lacked  the  expansion  characteristic  of  the  existing  species.  That  the 
present  specimen  does  not  belong  to  the  next  species  is  tolerably  evident  from  the 
absence  of  a great  upward  curvature  of  the  extremity  which  would  be  necessary  to 
make  it  correspond  with  the  cranial  rostrum  represented  in  plate  XXXI.  fig.  2. 

Specific  distinctness  and  affinity. — Taking  the  rostrum  alone,  the  marked  difference 
in  the  contour  of  the  facial  profile  indicates  pretty  clearly  the  specific  distinctness  of 
the  form  to  which  it  belonged  from  G.  gangeticus  : to  that  form  it  is  proposed  to 
apply  the  name  G.  hysudricus,  as  the  type  specimen  was  obtained  in  the  neighbour- 
hood of  the  Satlej  valley.  If  the  hinder  part  of  the  cranium  belong  to  the  same 
species,  the  distinction  from  G.  gangeticus  is  more  strongly  emphasized.  If  again  the 
extremity  of  the  mandibular  symphysis  from  Perim  Island  be  likewise  specifically 
identical,  the  species  will  differ  from  the  existing  gharial  by  the  absence  of  the 
lateral  expansion  at  the  termination  of  the  rostrum. 

Distribution. — The  type  specimen  and  the  hinder  portion  of  the  cranium  were 
obtained  from  the  typical  Siwalik  Hills ; if  the  extremity  of  the  mandibular 
symphysis  belong  to  the  same  species  its  range  must  be  extended  to  Perim  Island. 
No  traces  of  this  form  have  been  obtained  from  the  lower  Siwaliks  of  Sind. 

1 The  width  of  the  parietal  bar  between  the  temporal  fossae  becomes  relatively  wider  in  younger  crania,  till  in  a cranium 

of  only  eight  inches  in  length  it  is  equal  to  half  the  interorbital  width.  2 Yide  infrd. 
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Group  B. — Pits  in  the  cranial  rostrum  for  the  majority  of  the  mandibular  teeth. 

Species  3.  Gharialis  curvirostris,  n.  sp.,  nobis. 

History. — The  remains  of  this  species  are  described  for  the  first  time. 

Type  crania. — The  specimens  on  which  the  species  is  founded  are  portions  of 
three  crania  in  the  Indian  Museum  collected  by  Mr.  F.  Fedden  from  the  lower 
Siwaliks  of  the  Laki  Hills,  Sind.  Of  these  the  most  perfect  are  the  two  specimens 
represented  in  plate  XXXI.  figs.  1,  la,  and  2,  2a,  2b,  which  belong  to  the  same 
individual,  and  indicate  that  the  cranium  was  originally  complete,  and  was  probably 
broken  uj)  by  native  collectors.  The  fragment  represented  in  figs.  2,  2a,  2b,  consists 
of  the  terminal  portion  of  the  cranial  rostrum,  extending  backwards  as  far  as  the 
third  alveolus  behind  the  termination  of  the  maxillo-premaxillary  suture.  The  teeth 
have  all  fallen  from  their  alveoli,  but  with  the  exception  of  the  loss  of  the  outer 
portion  of  the  alveolus  of  the  third  tooth  of  the  right  side  the  specimen  is  very 
perfect.  The  maxillo-premaxillary  suture  is  visible  on  the  facial  surface,  and  from 
its  position,  as  well  as  from  the  general  structure  of  the  specimen,  and  that 
represented  in  fig.  1,  there  caii  be  no  doubt  of  the  close  affinity  of  this  form  to 
Gharialis.  As  in  the  existing  species  of  that  genus  there  are  distinct  notches  for  the 
reception  of  the  first  and  fourth  mandibular  teeth,  and  the  nasals  were  widely 
separated  from  the  premaxillm ; the  alveolar  borders  of  the  rostrum  are  also 
distinctly  bevelled  away,  but  to  a smaller  extent.  The  fossil  differs,  however,  from 
G.  gangeticus  in  the  almost  complete  absence  of  the  lateral  expansion  of  the 
jDremaxillse,  the  third  tooth  being  placed  in  the  same  line  as  the  maxillary  teeth,  and 
the  second^  having  only  its  external  third  placed  outside  the  line,  instead  of  the 
whole  tooth  being  far  beyond  it.  Another  important  difference  consists  in  the 
presence  of  small  pits  on  the  line  of  the  inner  border  of  the  dental  alveoli  for  the 
reception  of  the  points  of  the  mandibular  teeth.  The  alveoli  are  less  obliquely 
placed  than  in  the  existing  species,  and  are  separated  from  another  by  an  interval 
equal  to  their  antero-posterior  diameter.  The  relative  width  of  the  rostrum  and  the 
size  of  the  alveoli  are  not  far  different  from  those  obtaining  in  G.  gangeticus  -iho, 
length  of  the  space  occupied  by  three  alveoli  being  considerably  more  than  half  the 
width  of  the  rostrum.  On  the  facial  aspect  (fig.  2)  the  aperture  of  the  external 
nares  agrees  very  closely  in  contour  with  that  of  the  existing  species : the  high  ridge 
on  the  posterior  boundary,  which  probably  indicates  that  the  specimen  belonged  to 
a male  individual,  is  however,  unlike  the  same  part  in  the  latter.  The  anterior 
border  of  the  orbit  is  not  everted. 

The  fragment  represented  from  the  facial  and  lateral  aspects  in  fig.  1,  la 
comprises  that  portion  of  the  cranium  situated  between  the  supratemporal  fossae  and 
the  ninth  tooth  from  the  posterior  termination  of  the  series.  In  profile  (fig.  la)  this 
specimen  differs  from  G.  gangeticus  by  the  marked  upward  curvation  of  the  rostrum 
as  it  approaches  the  point  of  fracture.  The  nature  of  this  cmwature  taken  together 

1 Ab  is  so  generally  the  case  in  the  genus  there  is  a small  additional  alveolus  between  the  proper  fii’st  and  second  alveoli. 
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with  that  of  the  anterior  portion  of  the  rostrum,  indicates  that  the  whole  rostrum 
was  very  considerably  shorter  than  in  G.  gangeticm^  and  its  curvature  very  great. 
On  the  facial  and  palatal  aspects  the  specimen  appears  to  agree  very  closely  with  the 
cranium  of  the  existing  gharial ; and  apparently  belongs  to  an  adult  individual,  thus 
indicating  that  the  species  was  of  considerably  smaller  size  than  the  fossil  race  of 
the  former.  The  width  of  the  interorbital  bar  is  as  great  as  in  G.  gangeticus ; and 
is  relatively  much  greater  than  in  the  cranium  represented  in  plate  XXXI.  fig.  3 
and  provisionally  referred  to  G.  hysudricus}  The  premaxillary  fissure  /.)  is  as 
narrow  as  in  the  existing  species.  The  pitting  of  the  facial  surface  of  the  rostrum 
is  much  more  strongly  marked  than  in  the  latter. 

The  hinder  part  of  a smaller  cranium  in  the  Indian  Museum  (No.  E.  187)  from 
Sind  shows  that  the  relative  proportions  of  the  interorbital  bar,  of  the  supratemporal 
fossae,  and  the  parietal  bar  separating  the  latter,  are  very  similar  to  those  obtaining 
in  G.  gangeticus.  The  hinder  part  of  the  maxillary  rostrum  of  a small  individual 
from  the  same  locality  (Indian  Museum  No.  E.  23)  exhibits  the  characteristic  curved 
profile. 

Specific  distinctness  and  affinities. — Although  the  present  form  differs  from  the 
existing  gharial  by  the  non-eversion  of  the  orbits,  by  the  very  slight  degree  of  the 
terminal  expansion  of  the  premaxillae,  and  by  the  presence  of  pits  in  the  maxillae  for 
the  mandibular  teeth,  yet  its  general  resemblance  is  so  strong  as  to  forbid,  in  the 
writer’s  opinion,  its  reference  to  a distinct  genus.  That  this  form  is  specifically 
distinct  from  both  the  preceding  species  is  quite  evident ; and  it  is  equally  distinct 
from  the  so-called  G.  macrorJiynehus  of  the  French  upper  cretaceous,  and  is  doubtless 
different  from  G.  dixoni^  of  the  middle  eocene  of  England.  The  cranial  rostrum 
presents  a considerable  resemblance  to  the  one  species  of  IIolops^  in  which  that  part 
is  known,  but  there  is  a marked  difference  in  the  relative  size  of  the  dental  alveoli  in 
the  two  forms,  while  the  premaxillary  fissure  is  much  larger  in  the  American  species — 
judging,  however,  from  Crocodilus  the  latter  character  might  well  be  merely  a specific 
one  : both  agree  in  the  slight  expansion  of  the  premaxillae,  the  non-eversion  of  the 
orbits,  and  the  presence  of  interdental  pits  in  the  maxillae.  Reserving  the  question 
as  to  the  propriety  of  generically  separating  the  American  forms,  there  is  no 
reasonable  doubt  as  to  their  specific  distinctness  from  the  Sind  gharial,  and  the  latter 
may  accordingly  be  named  G.  curvirostris.  The  long,  straight,  terminably  expanded 
cranial  rostrum  of  the  so-called  Gharialis  macrorhynchus  apparently  forbids  the  idea 
that  the  present  form  can  be  regarded  as  a direct  ancestor  of  G.  gangeticus.^  and  it 
must  accordingly  be  looked  upon  as  belonging  to  a lateral  branch  now  extinct,  and 
probably  related  to  the  so-called  IIolops  of  the  upper  cretaceous  of  N.  America. 

1 In  the  Sind  cranium  this  width  is  only  half  an  inch  less  than  in  the  Siwalik  HiUs  cranium  ; the  latter  being  nearly 

double  the  size  of  the  former. 

2 In  this  species  at  the  hinder  extremity  of  the  mandibular  symphysis  the  interdental  pits  are  larger  than  in  G.  gangeticus 

{vide  Owen  and  Hell  “ Reptiles  of  the  London-Clay,  etc.,”  pt.  2.  pi.  X.  fig.  2)  ; and  it  is  therefore  not  improbable 
that  interdental  pits  may  have  been  present  in  the  maxilla. 

3 Tide  Cope,  ‘ Trans.  Amer.  Phil.  Soc.,’  vol.  XIV.  art.  1.  p.  77  (1870). 

E 
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Distribution. — All  the  known  remains  of  this  species  have  been  obtained  from 
the  lower  Siwaliks  of  Sind. 

Species  4.  Ghaeialis  leptodus  (Falconer  and  Cautley^). 

Syn.  Crocodilus  fLeptorhynchusJ  leptodus.^  Falconer  and  Cautley.^ 

History. — This  species  was  never  described  by  its  founders,  but  two  specimens 
are  figured  under  this  name  in  “Falconer’s  Palseontological  Memoirs,”  vol.  I. 
pi.  XXIX.  figs.  3 and  4.  The  latter  may  be  taken  as  the  type,  as  the  former  has 
been  made  the  type  of  G.  hysudricus. 

Mandibular  rostrum. — The  type  specimen  is  represented  from  the  oral  and  lateral 
aspects  in  plate  XXXII.  figs.  2,  2a,  and  comprises  the  hinder  portion  of  the 
mandibular  rostrum  ; it  was  obtained  from  the  typical  Siwalik  Hills,  and  is  preserved 
in  the  British  Museum.  A very  similar  specimen,  obtained  by  Mr.  Theobald  from 
the  Siwaliks  of  the  Punjab  in  1875,  is  represented  from  the  oral  aspect  and  in  section 
in  figs.  3,  3a  of  the  same  plate  ; it  exhibits  the  greater  part  of  the  rostral  portion  of 
the  splenials,  and  fifteen  broken  teeth  on  either  side.  These  specimens  differ  from 
the  rostrum  of  each  of  the  three  preceding  specimens  by  their  much  greater  relative 
width,  and  the  proportionately  smaller  size  of  the  teeth.  Whereas  in  all  the 
preceding  species  the  length  of  the  space  occupied  by  three  teeth  is  equal  to  at  least 
two-thirds  the  width  of  the  rostrum,  in  the  present  specimens  the  former  dimension 
is  not  more  than  one-third  the  latter ; and  the  peculiarly  flattened  form  of  the 
mandibular  rostrum  is  well  exhibited  in  the  section  drawn  in  fig.  3a.  The  bevelling 
of  the  lateral  borders  is  also  much  less  strongly  marked  and  the  teeth  (fig.  3b)  have 
a more  elliptical  section,  and  are  set  with  their  longer  transverse  diameter  more 
nearly  at  right  angles  to  the  long  axis  of  the  jaw.  The  entrance  of  the  splenial 
element  into  the  mandibular  symphysis  indicates  the  gharialoid  nature  of  the  species. 
In  profile  (fig.  2a)  the  mandible  shows  a considerable  curvature, — the  upper  surface 
being  concave  and  the  lower  convex.  The  pitting  of  the  inferior  surface  is  more 
marked  than  in  6r.  gangeticus.  Another  specimen  in  the  British  Museum  (No.  39807) 
apparently  belongs  to  the  mandibular  part  of  the  rostrum. 

Cranial  rostrum. — The  specimen  represented  in  plate  XXXII.  fig.  4 was  obtained 
from  the  Siwalik  Hills,  and  is  in  the  Indian  Museum  ; it  comprehends  a portion  of 
the  maxillary  rostrum  of  a gharial  agreeing  so  exactly  in  general  proportion  with  the 
mandibles  already  described  that  there  can  be  no  doubt  as  to  its  belonging  to  the 
same  species ; it  comprises  the  region  immediately  in  advance  of  the  orbits,  and 
shows  ten  alveoli  on  the  left  side.  There  is  a strongly  marked  concavity  in  the 
preorbital  region  ; and  but  a slight  bevelling  of  the  lateral  borders  of  the  oral 
surface,  the  alveoli  are  of  relatively  small  size,  but  this  feature  is  not  quite  so  strongly 
marked  as  in  the  mandible  : the  relative  great  width  and  flatness  of  the  rostrum  are 
very  noticeable.  This  specimen  is  very  important  since  it  shows  on  the  facial 
surface  the  termination  of  the  nasals  a short  distance  in  advance  of  the  orbits,  thus 

1 “ Falconer’s  Palseontologioal  Memoirs,”  vol.  I.  p.  355  (1868).  — Crocodilus  (LeptorhynchusJ.  2 Zoc.  cit. 
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indicating  the  affinity  of  the  species  to  Oharialis.  The  dental  alveoli  (fig.  4a.)  are 
separated  from  one  another  by  an  interval  somewhat  less  than  their  antero-posterior 
diameter  ; and  between  each  alveolus  there  is  a broad,  shallow,  pit  for  the  reception 
of  the  tip  of  a mandibular  tooth.  In  the  presence  of  these  interdental  pits  the 
specimen  differs  from  Oharialis  gangeticus  ; while  in  their  position  it  agrees  with 
Tomistoma  schlegeli,  although  the  depth  of  the  pits  themselves  is  very  considerably 
less. 

Distinctness  and  afflnities. — That  the  present  form  is  distinct  from  each  of  the 
three  species  already  described  is  sufficiently  apparent  from  the  description ; and  it 
is  equally  distinct  from  the  so-called  G.  niacrorhgnchus,  and  also  from  G.  dixoni.  The 
relations  of  the  nasals  indicate  that  it  should  be  referred  to  the  genus  Oharialis, 
although  the  interdental  pits  of  the  maxillae  show  an  approximation  to  Tomistoma. 
It  is  much  to  be  desired  that  the  cranium  proper  and  the  termination  of  the  rostrum 
of  this  interesting  form  may  one  day  be  forthcoming,  when  its  true  affinities  may  be 
more  fully  indicated. 

Distribution. — All  the  known  remains  of  G.  leptodus  have  been  obtained  from 
the  true  Siwalik  Hills  and  the  eastern  Punjab. 

Species  5.  GtHaeialis  pachyehynchus,  n.  sp.  nobis. 

History. — The  type  specimen  of  this  species  is  described  for  the  first  time ; a 
second  specimen  has,  however,  been  noticed  by  FalconeP  under  the  name  of 
Leptorhynchus. 

Cranial  rostrum. — The  specimen  of  which  three  views  are  given  in  plate  XXXIII. 
figs.  1,  la,  lb,  was  collected  by  Mr.  F.  Fedden  in  the  lower  Siwaliks  of  the  Laki 
Hills,  Sind,  and  indicates  a species  of  gigantic  size.  It  comprises  the  extremity  of 
the  cranial  rostrum,  extending  as  far  back  as  the  fourth  tooth  behind  the  notch  for 
the  fourth  mandibular  tooth.  On  the  palatal  aspect  (fig.  la)  it  will  be  seen  that 
while  some  of  the  teeth,  although  broken,  still  remain  in  their  alveoli,  others  have 
fallen  out,  and  their  alveoli  are  filled  with  matrix.  As  the  general  contour  of  the 
specimen  is  essentially  gharialoid,  comparisons  may  be  restricted  to  that  group.  The 
termination  of  the  premaxillm  much  resembles  that  of  the  existing  gharial,  containing 
one  large  tooth  on  either  side,  the  outer  border  of  which  is  bounded  by  a deep 
notch ; while  the  extremity  of  the  premaxillse  is  strongly  deflected.  The  cavity  for 
the  reception  of  the  first  mandibular  tooth  does  not  extend  on  to  the  facial  aspect  of 
the  rostrum  (fig.  1.),  but  is  roofed  over  with  bone,  and  would  only  require  the  com- 
pletion of  the  outer  wall  to  form  it  into  a pit ; as,  however,  the  first  mandibular 
tooth  would  be  entirely  visible  externally  if  the  mouth  were  closed,  the  cavity  in 
question  may  still  be  termed  a notch.  The  second^  and  third  teeth  are  of  very  large 
size,  but  the  fourth  appears  to  be  absent ; the  widest  part  of  the  premaxillae  is  at  the 

1 “Catalogue  of  Fossil  Vertetrata  of  Asiattc  Society  of  Bengal,”  p.  258,  No.  14  (1859). 

2 A depression  on  the  posterior  side  of  the  notch  for  first  mandibular  tooth  appareatly  indicates  the  alveolus  of  an 
accessory  tooth  between  the  proper  first  and  second  upper  teeth. 
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third  tooth,  instead  of  at  the  second,  as  in  G.  gangeticus  (pi.  XXX.  fig.  4a.)  and  G. 
curvirostris  (pi.  XXXI.  fig.  2a).  Some  distance  behind  the  third  tooth  there  is  a 
sharp  constriction  of  the  rostrum,  and  a well-marked  notch  for  the  fourth  mandibular 
tooth.  Posteriorly  to  the  notch  the  alveoli  of  four  maxillary  teeth  remain  on  the 
left  side  ; all  these  teeth  are  much  smaller  than  the  premaxillary  teeth,  and  increase 
regularly  in  size  from  before  backwards.  They  are  situated  internally  to  the  outer 
half  of  the  second  premaxillary  tooth,  and  the  series  appears  to  have  diverged 
posteriorly  ; each  alveolus  is  nearly  circular,  and  is  separated  from  the  neighbouring 
one  by  an  interval  of  about  one-third  its  diameter.  A row  of  large  vascular 
foramina  runs  at  some  distance  to  the  inner  side  of  the  dental  alveoli.  On  the 
facial  aspect  (fig.  1)  the  lateral  expansion  of  the  premaxillje  is  well  shown;  the 
anterior  narial  aperture  is  not  unlike  that  of  G.  gangeticus,  but  its  lateral  borders  are 
raised  into  distinct  ridges.  In  advance  of  the  nares  the  premaxillse  are  mesially 
hollowed ; while  posteriorly  the  profile  of  the  rostrum  appears  to  be  straight ; its 
width  and  height  having  nearly  the  same  relative  proportions  as  in  G.  gangeticus. 
The  surface  of  the  cranial  bones  appears  slightly  more  rugose  than  in  the  latter ; 
and  the  extremity  of  the  premaxillse  is  perforated  by  a number  of  large-sized  vascular 
foramina.  The  extreme  breadth  across  the  expanded  portion  of  the  premaxillse  is 
9^  inches,  and  at  the  notch  for  the  fourth  mandibular  tooth  7^  inches.  In  a 
cranium  of  G.  gharialis  measuring  31  inches  from  the  occipital  condyle  to  the  tip  of 
the  premaxillse  the  corresponding  dimensions  are  respectively  4 and  2 ‘3  inches. 

The  specimen  represented  from  the  palatal  and  lateral  aspects  in  plate  XXXIII. 
figs.  2,  2a,  was  obtained  from  the  lower  Siwaliks  of  Sehwan  in  Sind,  and  presented  to 
the  Asiatic  Society  of  Bengal  by  Dr.  Young  sometime  previous  to  1859  ; it  is  noticed 
by  Falconer  on  page  258  (No.  14)  of  his  “ Catalogue  of  Fossil  Vertebrata  of  the 
Asiatic  Society  of  Bengal.”  This  specimen  is  part  of  the  cranial  rostrum  of  a 
gharialoid  crocodile,  showing  the  alveoli  of  six  cheek-teeth ; at  the  anterior  end  there 
is  seen  the  posterior  termination  of  the  premaxillae,  from  which  it  is  evident  that  it 
corresponds  in  relative  position  with  the  hinder  portion  of  the  specimen  represented 
in  fig.  la.  From  the  locality  whence  it  was  obtained  and  its  agreement  in  form, 
there  can  be  little  doubt  that  it  belonged  to  a smaller  individual  of  the  same  species 
as  the  latter.  The  dental  alveoli  are  sub-circular,  and  placed  near  to  one  another  ; 
distinct  pits  occur  between  the  alveoli,  placed  somewhat  internally  to  the  median  line 
of  the  latter,  and  much  less  deep  than  in  Tomistoma  schlegeli.  The  profile  (fig.  3a)  is 
nearly  straight,  and  the  form  of  the  facial  surface  is  the  same  as  in  the  type  specimen. 
Unfortunately  the  condition  of  the  fragment  is  such  as  to  prevent  the  certain  deter- 
mination of  the  relations  of  the  nasals  to  the  premaxillae,  although  it  is  probable 
that  they  did  not  articulate  with  one  another.  The  position  of  the  interdental  pits 
is  such  as  to  indicate  that  the  maxillary  and  mandibular  teeth  interlocked. 

Teeth. — The  bases  of  the  premaxillary  teeth  still  remaining  in  the  type  specimen 
show  a slight  antero-posterior  compression.  The  crown  of  a probably  upper  tooth 
(which  has  lost  the  greater  part  of  its  enamel)  represented  in  plate  XXXIII.  fig.  4 
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was  obtained  by  Mr.  F.  Fedden  from  the  lower  Siwaliks  of  Sind,  and  probably, 
therefore,  belongs  to  the  present  form.  This  specimen  agrees  with  the  teeth  of 
Gharialis  gangeticus  in  the  possession  of  strongly  marked  vertical  ridges  (which  are 
placed  more  nearly  mesially  than  in  the  fourth  upper  tooth  of  Crocodilus),  but  differs 
by  the  lesser  degree  of  the  curvature  of  the  crown.  Judging  from  the  bases  of  the 
teeth  in  the  type  specimen  of  the  present  form,  it  seems  that  the  figured  tooth  was 
placed  with  the  plane  of  its  vertical  ridges  more  nearly  transverse  to  the  long  axis  of 
the  jaw  than  is  the  case  in  the  existing  gharial.  The  dimensions  of  the  base  of  this 
specimen  are  ITl  x 1'05  inches  ; the  corresponding  dimensions  of  the  second  tooth 
in  the  type  specimen  being  1*35  x IT  inches. 

Specific  distinctness  and  afidnitics. — The  present  specimens  being  very  much  larger 
than  any  of  those  already  described,  the  question  might  arise  whether  they  could 
belong  to  the  adult  form  of  any  of  those  species.  Now  the  only  one  of  those  species 
to  which  this  hypothesis  could  possibly  apply,  would  be  the  contemporaneous 
Gharialis  curvirostris  (pi.  XXXI.  figs.  1,  2).  In  the  first  place,  however,  the  type 
specimens  of  that  species  apparently  indicate  an  adult  individual;  while,  in  the 
second  place,  the  present  form  differs  from  those  specimens  by  the  great  expansion 
of  the  premaxillse,  the  downward  flexure  of  the  extremity  of  the  latter,  the  form  of 
the  notch  for  the  first  mandibular  tooth,  the  excess  in  size  of  the  premaxillary  over 
the  maxillary  teeth,  the  direction  of  the  line  of  the  latter,  and  the  apparent  straight- 
ness of  the  rostrum.  There  is,  therefore,  no  countenance  to  this  hypothesis ; and 
the  present  form  may  accordingly  be  regarded  as  distinct  from  all  the  other  Siwalik 
species  of  Gharialis ; and  it  is  equally  distinct  from  the  two  European  forms  pro- 
visionally referred  to  the  same  genus. ^ Although  the  present  large  gharialoid  differs 
from  Gharialis  gangeticus  in  the  superior  size  of  the  premaxillary  as  compared  with 
the  maxillary  teeth,  in  the  presence  of  interdental  pits  in  the  maxilla,  and  in  the 
form  of  the  notch  for  the  first  mandibular  tooth,  yet  its  general  characters  come  so 
close  to  those  of  Gharialis,  in  the  sense  in  which  it  is  here  employed,  that  it  may  be 
at  least  provisionally  referred  to  that  genus ; and  it  is  proposed  to  designate  it  as 
G.  pachyrhynchus. 

That  this  species  was  of  enormous  size  is  quite  evident,  but  from  the  imperfec- 
tion of  the  specimens  it  is  difficult  to  make  a calculation  of  its  probable  dimensions. 
The  measurements  given  above  apparently  indicate  an  animal  between  two-and-a-half 
and  three  times  the  size  of  full-grown  existing  specimens  of  G.  gangeticus,  which 
attain  a total  length  of  about  twenty  feet.  If  the  same  proportions  obtained  in  the 
fossil  species,  its  total  length  would  have  been  from  fifty  to  sixty  feet. 

Distribution. — Remains  of  Gharialis  pachyrhynchus  have  at  present  been  recognized 
only  from  the  lower  Siwaliks  of  Sind. 

Genus  3.  Rhamphosuchtjs,  n.  gen.,  nobis. 

Definition. — Skull  elongated  into  a rostrum,  teeth  numerous,  nasals  apparently 


1 The  Sind  form  does  not  appear  to  approximate  to  the  fossil  N.  American  gharialoids  known  as  Thoracosaurus,  Solops, 
and  ThecaeJtampsa  (vide  supra,  p.  211^. 
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separated  from  the  premaxillse,  1st  mandibular  tooth  biting  into  a notch,  and  4th 
into  a pit  in  the  cranium,  maxillary  teeth  biting  entirely  on  the  outer  side  of  the 
mandibular,  splenial  entering  largely  into  mandibular  symphysis,  extremity  of 
rostrum  not  expanded,  facial  profile  straight. 

Species.  Rhamphosuchus  crassidens  (Falc.  and  Caut.^) 

Syn.  Crocodilus  [Leptorhynchus)  crassidens,  Falc.  and  Caut.^ 

Gharialis  crassidens,  nobis.^ 

History. — The  earliest  notice  of  this  species  occurs  in  the  passage  in  the  ‘ Trans. 
Geol.  Soc.’  cited  below,  where  it  is  described  as  “an  immense  species  far  exceeding 
existing  ones,  and  forming  a passage  from  the  gharials  into  the  true  crocodiles.  It 
has  the  cylindrical  muzzle  and  synostosized  lower  jaw  of  the  former,  with  the  blunt 
thick  teeth  of  the  latter.”  In  1868  the  type  specimen  of  this  species  was  figured  in 
“ Falconer’s  Palseontological  Memoirs,”  vol.  I.  pi.  XXIX.  fig.  1,  under  the  name  of 
Crocodilus  [Leptorhynchus)  crassidens'^',  a second  specimen  is  figured  in  fig.  2 of  the 
same  plate,  but  is  described  as  belonging  to  the  craniumj  whereas  it  is  really  (as  will 
be  seen  below)  part  of  the  mandible.  In  1880  the  present  writer®  accepted  Falconer’s 
generic  determination,  merely  substituting  Gharialis  for  Leptorhynchus. 

Rostrum. — The  specimen  which  may  be  regarded  as  the  type  is  in  the  British 
Museum,  and  was  obtained  from  the  typical  Siwalik  Hills ; its  state  of  preservation 
is  more  perfect  than  is  usually  the  case  with  large  fossils  from  that  region.  This 
magnificent  specimen,®  which  is  represented  in  plate  XXXIV.,  comprehends  the 
anterior  portion  of  both  the  cranial  and  mandibular  elements  of  the  rostrum  ; and 
shows  the  whole  of  the  premaxillae  and  a large  part  of  the  maxillae  in  the  upper  jaw, 
and  in  the  lower  the  greater  part  of  the  dentary  and  the  anterior  naoiety  of  the 
splenial  pieces.  The  upper  and  lower  jaws  are  in  apposition,  and  a large  number  of 
the  teeth  are  in  situ  ; some  of  the  latter  being  fully  protruded,  while  others  are  only 
emerging  from  their  alveoli. 

The  general  structure  of  the  specimen,  and  especially  the  entrance  of  the 
splenial  element  into  the  mandibular  symphysis,  at  once  indicates  its  gharialoid 
affinities.  The  anterior  extremity  of  the  premaxillse  (fig.  lb)  is  rounded,  and  shows 
no  distinct  contraction  between  the  first  and  second  teeth,  although  the  first  mandi- 
bular tooth  (which  is  only  partially  protruded  on  the  right  side  [fig.  la])  bites  into  a 
small  notch.  There  is  no  trace  of  any  lateral  expansion  of  the  free  extremity  of 
the  premaxillse,  which,  as  in  Gharialis,  terminate  posteriorly  in  a V ; and  are 
apparently  separated  by  a considerable  interval  from  the  nasals.  The  anterior  narial 
aperture  is  not  unlike  that  of  Gharialis  gangeticus,  and  its  lateral  and  posterior  borders 

1 ‘ Trans.  Geol.  Soc.’  ser.  2.  vol.  V.  p.  503,  note,  (1840). — As  Leptorhynchus,  a subgenus  of  Crocodilus. 

2 Loc.  cit.  3 ‘ Journ.  As..  Soc.  Beng.’  vol.  XLIX.  pt.  2.  p.  33  (1880). 

4 In  the  description  of  the  plate  the  name  is  given  simply  as  Crocodilus  crassidens,  hut  on  page  355  Leptorhynchus  is  in- 
serted. 5 ‘ Journ.  As.  Soc.  Beng.’  vol.  XLIX.  pt.  2.  p.  33  (1880). 

6 It  is  also  figured  on  a smaller  scale  from  the  lateral  aspect  in  “ Falconer’s  Palseontological  Memoirs,”  vol.  I.  pi. 
XXIX.  fig.  1. 
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are  not  elevated ; in  the  form  of  this  aperture  and  the  depressed  contour  of  the 
cranial  rostrum  the  specimen  is  decidedly  nearer  to  the  last-named  species  than  to 
Tomistoma  schlegeli. 

When  viewed  from  the  ventral  aspect  (fig.  1)  the  specimen  presents  a remarkable 
difference  both  from  Q.  gangeticus  and  T.  scJielegeli — namely,  that  the  mandibular  is 
very  much  narrower  than  the  cranial  part  of  the  rostrum,  and  that  consequently  the 
whole  of  the  lateral  series  of  upper  teeth  are  visible  from  the  ventral  aspect  when 
the  mouth  is  closed,  and  bite  entirely  on  the  outer  side  of  the  teeth  of  the  mandibular 
series,  instead  of  interlocking  with  them.  The  fourth  mandibular  tooth^  has  an 
elevated  alveolus  which,  as  in  Tomistoma,  is  larger  than  the  alveoli  on  either  side ; 
and  in  consequence  of  the  narrowness  of  the  mandible,  this  tooth  bites  entirely  on 
the  inner  side  of  the  considerably  smaller  fourth  upper  tooth,^  its  summit  being 
evidently  received  into  a pit  on  the  inner  side  of  the  latter.  With  the  excep- 
tion of  the  first  mandibular  tooth  being  received  into  a notch  instead  of  a pit,  this 
arrangement  of  the  dentition  is  essentially  alligatoroid ; although  in  the  alligators 
the  pit  for  the  fourth  mandibular  tooth  is  situated  behind,  instead  of  on  the  inner 
side,  of  the  fourth  upper  tooth ; and  the  mandibular  teeth  behind  the  fourth  are  not 
placed  so  much  on  the  inner  side  of  those  of  the  upper  series.®  The  hinder  maxillary 
teeth  when  fully  protruded  are  nearly  equal  in  size  to  the  premaxillary,  and  their 
alveoli  are  separated  by  exceedingly  thin  partitions  : as  in  Tomistoma,  the  third  upper 
tooth  is  considerably  larger  than  the  fourth.  The  premaxillse  on  the  facial  surface 
of  the  rostrum  extend  as  far  back  as  the  ninth  tooth,  whereas  in  Gharialis  gangeticus 
they  usually  r'each  the  tenth  tooth.  On  the  inferior  aspect  of  the  mandible  the 
anterior  extremity  of  the  splenials  reaches  as  far  as  the  ninth  lower  tooth,  and  is 
thus  slightly  in  advance  of  the  posterior  extremity  of  the  premaxillse  on  the  facial 
aspect  of  the  cranial  rostrum  ; while  in  G,  gangeticus  the  splenials  do  not  extend  in 
advance  of  the  twelfth  or  thirteenth  mandibular  tooth,  and  there  is  a long  interval 
between  their  anterior  termination  on  the  inferior  aspect  of  the  mandible  and  that  of 
the  posterior  termination  of  the  premaxillse  on  the  facial  aspect  of  the  cranial  rostrum  : 
this  probably  indicates  that  the  rostrum  of  the  present  form  was  relatively  shorter 
than  that  of  G.  gangeticus.  In  Tomistoma  schlegeli  the  premaxillse  on  the  facial  aspect 
of  the  rostrum  extend  back  to  the  ninth  upper  tooth,  while  the  splenials  extend  on 
the  inferior  aspect  of  the  mandible  to  the  ninth  lower  tooth,  and  are  therefore 
slightly  in  advance  of  the  anterior  extremity  of  the  premaxillse.  In  these  respects, 
therefore,  the  fossil  agrees  with  the  living  species  of  Tomistoma  and  differs  from 
Gharialis.  The  dentary  portion  of  the  mandible  is  not  expanded  at  its  termination, 
but  the  general  contour  of  this  part  is  more  like  that  of  G.  gangeticus  than  of  T. 
schlegeli ; the  abrupt  upward  curvature  of  the  latter  being  wanting.  As  already 

1 This  tooth  has  fallen  from  its  alveolus  on  the  right  side,  hut  the  large  elevated  rim  of  the  latter  is  plainly  seen. 

2 As  is  the  case  in  G gangeticus,  the  present  form  has  a small  accessory  tooth  between  the  proper  first  and  second ; so  that 
there  are  really  five  premaxillary  teeth.  The  same  feature  occurs  in  the  fossil  species  of  Tomistoma  from  Malta  and  Austria, 
{vide  supra,  pp.  211-212). 

3 Vide  Gray  “ Catalogue  of  Shield  Keptiles,”  pt.  2.  p.  24. 
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mentioned,  the  fourth  lower  tooth  is  larger  than  the  adjacent  ones  ; but  from  the 
imperfect  protrusion  of  the  ninth  lower  tooth  it  is  not  apparent  whether  the  fossil 
agreed  with  the  living  Toniistonia  in  having  this  tooth  larger  than  those  adjacent  to 
it.  The  majority  of  the  mandibular  teeth  are  subequal  in  size,  and  considerably 
smaller  than  those  of  the  upper  jaw. 

Craniam. — The  British  Museum  possesses  the  middle  portion  of  a cranium  from 
the  Siwalik  Hills  evidently  belonging  to  the  present  species,  of  which  a profile  view  is 
given  in  the  accompanying  woodcut  (fig.  1).  This  specimen  consists  of  the  portion  of 


Fig.  1 . Ehamphosuchus  crassidens.  Profile  view  of  the  midlde  portion  of  the 
cranium;  from  the  Siwalik  Hills.  British  Museum  (No.  39804). 

the  cranium  from  the  middle  of  the  orbits  to  the  middle  of  the  rostrum,  and  measures 
twenty-two  inches  in  length,  with  a maximum  width  of  eleven  inches.  Its  most 
remarkable  feature  is  the  perfect  straightness  of  the  profile,  there  being  no  descent 
from  the  orbit  to  the  rostrum,  and  the  former  lying  very  nearly  in  a horizontal 
plane.  Tomistoma  makes  a nearer  approach  to  the  fossil  in  this  respect  than  is  made 
by  Gharialis  gangeticus ; but  the  feature  is  more  like  that  of  some  of  the  true  cro- 
codiles and  alligators.  The  dental  alveoli  are  subequal  in  size,  and  placed  close 
together ; pits  for  the  reception  of  the  tips  of  the  mandibular  teeth  occur  on  the 
inner  side  of  the  maxillary  alveoli.  There  is  a more  decided  sculpture  than  in  G. 
gangeticus. 

The  British  Museum  also  possesses  part  of  a crocodilian  quadrate  and  quadrato- 
jugal  from  the  Siwalik  Hills  which  from  its  enormous  size  evidently  belongs  to  the 
present  form. 

Mandible. — Besides  the  mandibular  rostrum  attached  to  the  type  specimen  there 
are  two  other  portions  of  mandibles  from  the  Siwalik  Hills  which  may  be  referred 
to  the  present  form.  The  first  specimen^  is  in  the  British  Museum,  and  is  figured 
from  the  palatal  aspect  in  the  accompanying  woodcut  (fig.  2) ; it  comprises  the  hinder 
moiety  of  the  symphysial  portion,  and  shows  the  anterior  termination  of  the 
splenial  element  fsp.).  The  alveoli  of  sixteen  teeth  remain,  and  these  are  placed 
close  together,  and  at  some  distance  from  the  lateral  borders  of  the  symphysis. 
There  is  a distinct  bevelling  of  the  lateral  borders,  and  the  alveoli  are  subcylindrical, 
and  of  nearly  equal  size. 

The  second  specimen  is  in  the  Indian  Museum,  and  is  figured  from  the  palatal 
aspect  in  plate  XXXIII.  fig.  3.  It  is  described  by  Falconer^  (under  the  name  of 

1 The  specimen  is  figured  in  “ Falconer’s  Palseontological  Memoirs,’’  vol.  I.  pi.  XXIX.  fig.  2,  as  part  of  the  cranium. 

2 “ Catalogue  of  Fossil  Vertebrata  of  Asiatic  Society  of  Bengal,”  pp  166-1C7,  No.  652  (1859). 


SIWALIK  CROCODILIA,  LACERTILIA,  AND  OPHIDIA. 


25—233 


Leptorhynchus)  in  the  following  words:  “Fragment  of  the  muzzle  portion  of  the 
lower  jaw  of  an  enormous-sized  animal,  the  left  side  (showing  the  empty  alveoli  of 


Fig.  2.  Rhumphosuchus  erassidens.  Hinder  portion  of  mandibular  symphysis ; from  the  Siwalik  Hills.  -I- 
British  Museum  (No.  39803). 

the  five  anterior  teeth,  [which  are]  of  very  large  size,)  broken  off  obliquely  back- 
wards ; the  right  side  broken  off  nearly  opposite  the  termination  of  the  last  alveolus 
on  the  left  side  and  continued  backwards  (showing  the  alveoli  of  five  teeth,  four  of 
which  contain  more  or  less  of  the  teeth),  its  anterior  portion  wanting. 


In. 

“ Length  of  fragment 11 ’6 

“ Width  about  middle 9'5 

“Thickness 4*6 


“ The  alveoli  of  the  two  first  teeth  are  very  large,  the  third  and  fourth  still  larger; 
the  third  showing  a diameter  of  1*8  by  1'4  inches  : the  sixth  tooth  is  smaller,  being 
1 inch  in  diameter ; the  seventh  is  lA  by  1*2  in  diameter ; the  eighth  and  ninth  are 
smaller.” 

The  elevated  summit  of  the  alveolus  of  the  fourth  tooth  has  been  hammered 
off,  but  the  section  of  the  alveolus  is  considerably  larger  than  that  of  the  second  or 
third.  The  first  alveolus  is  also  larger  than  the  second,  and  its  tooth  must  have 
curved  rapidly  upwards.  The  specimen  exhibits  very  clearly  the  bevelling  of  the 
lateral  borders,  and  the  close  approximation  of  the  alveoli.  A series  of  large 
vascular  foramina  runs  on  the  inner  side  of  the  alveolar  series.  On  the  inferior 
aspect  the  specimen  likewise  exhibits  a number  of  large  vascular  foramina,  which 
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give  it  a distinctly  pitted  appearance  : tlie  same  feature  is  apparent  in  the  mandible 
of  the  type  specimen. 

Dimensions. — The  following  dimensions  taken  from  the  specimens  described 
above  are  compared  with  those  of  an  adult  skull  of  Qharialis  gangeticus  measuring 
thirty-one  inches  from  the  occipital  condyle  to  the  extremity  of  the  premaxillse. 


G.  gangeticus. 

Fossil. 

Width  of  cranium  in  advance  of  palatal  foramina 

4-8 

120 

,,  ,,  at  7th  tooth  from  do.  

3-1 

10-4 

,,  mandible  at  fourth  tooth  in  advance  of  hinder  border  of  symphysis. 

2-9 

9-6 

Length  of  rostrum  to  1 6th  tooth 

15-4 

27-0 

Width  of  articular  surface  of  quadrate  and  quadrate -jugal  .... 

2-3 

6-2 

These  dimensions  indicate  an  animal  of  about  three  times  the  size  of  the  specimen  of 
G.  gangeticus.,  but  with  a relatively  shorter  rostrum.  Assuming  that  the  cranium  of 
the  existing  species  belonged  to  an  individual  close  on  twenty  feet  in  length,  the 
fossil  species  would  have  attained  a length  of  between  fifty  and  sixty  feet. 

The  centrum  of  an  early  dorsal  vertebra  from  the  Siwalik  Hills  in  the  British 
Museum  may,  from  its  gigantic  size,  be  pretty  safely  referred  to  the  present  form. 
The  vertical  diameter  of  the  anterior  articular  cup  of  this  specimen  is  4‘4,  and  the 
transverse  3 ‘9  inches  : and  it  indicates  an  individual  fully  three  times  the  size  of  the 
largest  recent  crocodile  skeleton  in  the  British  Museum.  A dorsal  scute  in  the  same 
collection  (No.  17066)  from  the  Siwalik  Hills  has  a transverse  diameter  of  7*1,  and 
an  anterior-posterior  of  4*2  inches. 

Teeth. — In  the  subequal  size  of  the  maxillary  and  the  majority  of  the  hinder 
mandibular  teeth  the  present  form  differs  from  the  true  crocodiles  and  alligators,  and 
agrees  with  Gharialis  and  Tomistonia  ; and  it  appears  that  in  proportion  to  the  size  of 
the  rostrum  the  teeth  are  not  larger  than  in  Tomistonia  champsoides  of  the  miocene  of 
Malta.^  In  the  upper  teeth  the  fore-and-aft  ridges  are  placed  more  mesially  than  in 
the  fourth  upper  tooth  of  Grocodilus,  and  their  inner  surfaces  are  less  flattened. 
Instead  of  the  ridges  being  directed  nearly  laterally  as  in  G.  gangeticus,  they  are 
placed  obliquely  as  in  T.  schlegeli.  The  Indian  Museum  possesses  numerous  teeth 
from  the  Siwaliks  of  the  Punjab  which  apparently  agree  with  those  of  the  present 
form.  The  specimen  represented  in  plate  XXXIII.  fig.  5 closely  resembles  one  of 
the  teeth  of  the  anterior  third  of  the  type  mandible. 

Distinctness  and  affinities. — The  foregoing  comparisons  decisively  indicate  that 
the  affinities  of  the  present  form  are  with  the  gharialoid  group.  That  it  is  distinct 
from  Gharialis  'pachyrhynchus  {ffiisXQ  XXXIII.  figs.  1,  2)  is  evident  from  the  absence 
of  the  premaxillary  expansion,  by  the  presence  of  the  pit  for  the  fourth  mandibular 
tooth,  the  relations  of  the  premaxillary  to  the  maxillary  dental  series,  and  the 
apparent  absence  in  the  latter  of  the  alligatoroid  relations  of  the  upper  and  lower 
dental  series.  It  is  equally  evident  that  it  is  specifically  distinct  from  all  the  other 
Siwalik  forms  already  described. 

With  regard  to  generic  characters,  the  present  form  differs  from  both  Tomistonia 


1 See  a paper  by  the  present  writer  in  the  ‘ Quart.  Journ.  Geol.  Soc.’  vol.  XLII.  (1886). 
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and  Gharialis  (including  Holops)  in  the  relations  of  the  upper  and  lower  dental  series, 
and  in  the  presence  of  a pit  in  the  cranium  for  the  reception  of  the  fourth 
mandibular  tooth.  It  agrees  with  Tomistoma  in  the  non-expansion  of  the  premaxillse, 
in  the  relation  of  the  latter  to  tlie  splenials,  in  the  enlargement  of  the  hjurth  (and 
perhaps  of  the  ninth)  mandibular  tooth,  but  apparently  differs  in  the  relation  of  the 
premaxillae  to  the  nasals ; the  profile  of  the  cranium  comes  nearer  to  this  genus  than 
to  Gharialis.  It  agrees  with  the  latter  genus  in  the  depressed  cranial  rostrum,  in  the 
form  of  the  extremity  of  the  mandibular  symphysis,  and  in  the  apparent  non- 
articulation of  the  premaxillse  with  the  nasals,  but  differs  in  the  straight  profile,  and 
in  those  characters  in  which  it  resembles  Tomistoma : the  non-expansion  of  the 
premaxillse  is  a character  in  which  it  differs  from  G.  gangeticus  and  G.  pachyrhynchus, 
but  this  feature  is  almost  absent  in  G.  curvirostris.  The  American  cretaceous  genus 
Thoracosaurus  is  unlike  the  present  form  ; and  the  writer  cannot  identify  the  latter 
with  Thecachampsa  from  the  miocene  of  the  same  country,  in  which  the  upper  and 
lower  dental  series  appear  to  have  interlocked.^ 

The  alligatoroid  characters  of  the  dentition  of  the  present  form  appear  to  the 
writer  to  afford  good  grounds  for  its  generic  distinction,  and  the  new  generic  name 
Bhamphosuchus  is  accordingly  proposed  for  it.  Apart  from  the  peculiar  relations  of 
the  upper  and  lower  dental  series,  this  genus  appears  to  be  intermediate  in  the 
characters  of  the  skull  between  Tomistoma  and  Gharialis,  and  it  is  difficult  to  say  with 
which  its  affinity  is  the  nearest. 

It  is  hard  to  believe  that  the  alligatoroid  features  of  the  dentition  of  Bhampho- 
suchus do  not  indicate  a real  genetic  affinity  with  the  alligatoroid  group;  although  it 
would  at  present  be  premature  to  attempt  to  determine  the  nature  of  this  suggested 
relationship.  It  is  to  be  regretted  that  we  have  at  present  no  means  of  knowing  the 
nature  of  the  dermal  armour  on  the  ventral  aspect  of  Bhamphosuchus. 

Distribution. — Bhamphosuchus  crassidens  is  known  definitely  from  the  typical 
Siwalik  Hills,  while  teeth  apparently  indicate  its  western  extension  to  the  Punjab. 

Order.  LACERTILIA. 

Family.  VABANID^. 

Genus.  VARANUS,  Merrem.^ 

Distribution. — This  genus  (in  which  Hydrosaurus,  Monitor,  and  Psammosaurus  are 
included)  is  found  at  the  present  day  in  the  tropical  parts  of  Africa,  Asia,  and 
Australia ; and  includes  the  largest  existing  lizards.  Six  species  are  recorded  by 
Mr.  Theobald^  from  India  ; of  which  the  largest  ( F.  salvator)  attains  according  to 
the  same  authority  a length  of  nearly  seven  feet ; while  the  Australian  V.  giganteus, 
according  to  Gray,  is  six-and-a-half  feet  in  length.  From  the  lower  pliocene^  of 
Pikermi  M.  Gaudry®  has  described  some  remains  of  a lizard  which  is  provisionally 

1 Vide  mprd.  page  211.  2 “ Syst.  Amphib.”  p.  58  (1820).  » “ Reptiles  of  British  India,”  pp.  38,  39  (1876). 

4 The  writer  now  adopts  this  age  for  the  Pikermi  and  Leberon  beds. 

5 “ Animaux  Fossiles  et  Geologie  de  I’Attique,”  pp.  318-319. 
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referred  to  the  present  group,  and  apparently  attained  a length  of  between  four  and 
five  feet.  From  the  upper  eocene  phosphorites  of  Quercy  Gervais^  has  described  a 
fragment  of  the  cranium  of  a varanoid  lizard  under  the  name  of  Varanus  (?)  mm'- 
garitiferus ; while  an  imperfect  mandibular  ramus  from  the  same  deposits  is  described 
by  Dr.  FilhoP  as  Palceovaranus  cayluxi,  who  adds,  however,  that  it  is  very 
probably  identical  with  Gervais’  species,  in  which  case  the  former  specific  name 
should  stand.  Whether  the  Quercy  forms  be  really  generically  distinct  or  not,  it  is 
evident  that  the  group  is  an  old  one. 

Species.  Varanus  sivalensis.  Falconer.^ 

History. — The  one  specimen  on  which  this  species  is  founded  is  figured  in 
Falconer’s  “ Palaeontological  Memoirs,”  vol.  I.  pi.  XXXII.  figs.  4-7  without 
description. 

Humerus.— above-mentioned  specimen,  which  is  figured  of  the  natural  size 
in  plate  XXXV.  figs.  1,1a,  lb,  was  obtained  from  the  Siwalik  Hills,  and  is  preserved 
in  the  British  Museum.  It  comprises  the  distal  portion  of  the  right  humerus,  which 
with  the  exception  of  the  loss  of  the  sharp  ridge  (restored  in  outline)  on  the 
radial,  or  outer,  border,  is  complete,  and  exhibits  very  clearly  the  articular  surfaces ; 
the  ectepicondylar  foramen  (/w),  although  filled  with  matrix,  is  distinctly  visible. 
Compared  with  the  corresponding  element  in  a skeleton  of  Varanus  salvator  in  the 
British  Museum  measuring  six  feet  in  length,  the  present  specimen  agrees  so  precisely 
in  every  detail  of  form,  that  there  can  be  no  question  as  to  its  belonging  to  a 
member  of  the  same  genus.  As  the  greatest  transverse  diameter  of  the  distal  end  of 
the  recent  humerus  is  T3,  while  that  of  the  fossil  2'4  inches,  the  length  of  the  animal 
to  which  the  latter  belonged  would  be  eleven  feet — or  fully  four  feet  longer  than  the 
largest  recorded  individual  of  the  existing  species. 

Specific  distinctness. — The  great  excess  in  the  size  of  the  fossil  over  the  living 
Varanus  salvator  may  in  all  probability  be  regarded  as  a good  specific  character,  and 
the  name  V.  sivalensis  may  therefore  be  adopted.  Since  V.  salvator  is  a coast- 
frequenting  species  it  may,  moreover,  be  not  improbable  that  the  Siwalik  form  was 
more  closely  allied  to  one  of  the  smaller  species  now  inhabiting  the  North-West 
Provinces  and  Punjab  than  to  the  former. 

Order.  OPHIDIA. 

Family.  PYTHONIBHi. 

Genus.  PYTHON,  Daudin.^ 

Distribution. — At  the  present  day  the  genus  Python  (in  which  the  writer  includes 
the  African  so-called  Hortidia)  is  confined  to  Africa  and  the  Oriental  region  ; being 
represented  in  Australia  by  Morelia.  In  the  Indian  region  there  are  but  two  species 
(which  are  also  the  sole  representatives  of  the  family  in  that  region),  viz. — P.  molurus 

1 “ Zool.  et  Pal.  Generales,”  ser.  2.  p.  60.  (1876). 

3 “ Pala30ntological  Memoirs,”  vol.  I.  pi.  XXXII.  (1868). 

4 “ Hist.  Nat.  Rept.”  vol.  V.  p.  226  (no  date—?  1802), 


2 ‘Ann.  Sci.  Geol.’  vol.  VIII.  art.  1.  p.  268.  (1877). 
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ranging  from  peninsula  India  to  south  China,  and  P.  reticulatus  which  is  found  in  the 
Malay  Peninsula,  the  Nikobar  Islands,  Burma,  and  Tenasserim;  both  species  are 
said  occasionally  to  attain  the  length  of  thirty  feet,  although  specimens  exceeding 
twenty  are  but  of  rare  occurrence. 

PicteP  has  described  some  ophidian  vertebra  from  the  upper  eocene  of  Switzer- 
land which  may  probably  be  referred  to  the  present  genus ; while  Dr.  FilhoP  has 
described  a species  from  the  upper  eocene  phosphorites  of  Quercy  under  the  name 
of  P.  cadurcensis.  The  genus  Palceophis^  from  the  upper  and  middle  eocene  of 
England  appears  to  be  allied  to  Python,  but  the  vertebrae  differ  by  their  more  elevated 
neural  spine,  the  lower  position  of  the  costal  tubucle,  and  by  the  aliform  process 
arising  from  the  neural  arch  being  pointed. 

Species.  Python  molurus  (Linn^). 

Syn.  Coluber  molurus,  Linn.® 

Previous  notice  of  Siwalik  form. — In  1882  the  present  writer®  noticed  some 
ophidian  vertebrae  from  the  Siwaliks  of  Sind  and  the  Punjab,  and  observed  that  they 
were  apparently  indistinguishable  from  those  of  the  existing  P.  molurus. 

Vertebrce. — In  figures  4,  5,  6,  7,  7a  of  plate  XXXV.  four  of  the  above-mentioned 
vertebrae,  which  were  collected  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab, 
are  figured  of  the  natural  size,  while  in  figs.  2,  3,  3a  of  the  same  plate  two  vertebrae 
belonging  to  a recent  example  of  Python  molurus  which  measured  twenty  feet  in 
length,  are  figured  for  comparison.  The  smaller  recent  specimen  (fig.  2)  belongs 
to  the  cervical  region,  and  exhibits  the  long  haemal  spine  ills')  characteristic  of  that 
part;  while  the  larger  one  (figs.  3,  3a)  is  from  the  middle  of  the  dorsal  region,  and 
is  characterised  by  the  very  minute  size  of  the  same  spine.  The  fossil  specimen 
represented  from  the  posterior  aspect  in  fig.  4 is  somewhat  imperfect  on  the  left  side, 
and  has  lost  the  greater  portion  of  the  neural  spine  (ns);  the  small  development  of 
its  haemal  spine  (Z(5)  shows  that  it  belongs  to  the  anterior  portion  of  the  dorsal  region, 
while  its  dimensions  indicate  an  individual  of  about  twelve  feet  in  length.  It 
presents  no  characters  by  which  it  can  be  specifically  distinguished  from  the  vertebrae 
of  the  existing  form. 

The  imperfect  specimens  represented  in  figs.  5,  6 likewise  belong  to  the  dorsal 
region,  and  indicate  individuals  of  from  six  to  eight  feet  in  length.  Slight  differences 
in  the  form  of  the  zygapophysial  facettes  can  be  detected  between  these  specimens 
and  the  recent  vertebra  represented  in  figs.  3,  3a,  but  it  is  not  certain  that  these  may 
not  be  due  merely  to  their  different  serial  position.  The  slightly  imperfect  specimen 
represented  in  figs.  7,  7a  apparently  belongs  to  the  anterior  part  of  the  caudal  region, 
and  indicates  an  individual  about  equal  in  size  to  the  two  preceding  specimens.  A 

1 “ Materiaux  pour  la  Paleontologie  Suisse,”  vol.  I.  “Ann.  Vert  d.  1.  Faune  Eocene”  p.  100.  pi.  VIII.  figs.  8-10 
(1855-57).  2 ‘ Ann.  Sci.  Geol.’  vol.  VIII.  art  1.  p.  270  (1877). 

3 “ Reptilia  of  London  Clay,  etc.”  part  2 pp.  56-66  (1850).  4 “ Syst.  Nat.”  ed.  12.  vol.  I.  p.  225  (1766; — Coluhcr. 

5 Loc.  cit.  6 ‘ Kec.  Geol.  Surv.  Ind.’  vol.  XV.  p.  106  (1882). 
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very  similar  dorsal  vertebra  has  been  obtained  from  the  lower  Siwaliks  of  Sind 
(Ind.  Mus.  No.  E.  205a). 

The  resemblance  of  the  specimen  represented  in  fig.  4 to  the  dorsal  vertebrae  of 
P.  molurus  is  so  close,  that,  in  the  absence  of  any  evidence  of  an  opposite  nature,  it 
may  be  at  least  provisionally  referred  to  that  species.  The  smaller  specimens, 
evidently  indicate  a'  closely  allied  form,  which  may  or  may  not  be  specifically 
identical. 

Distribution. — As  already  mentioned,  P.  molurus  ranges  at  the  present  day  from 
peninsular  India  to  southern  China,  and  the  larger  Siwalik  vertebra  noticed  above 
appears  to  carry  back  its  range  in  time  into  the  pliocene,  and  to  extend  it  in  space 
to  the  northern  Punjab. 
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TEETIAET  EISHES. 

By  R.  LYDEKKER,  B.A.,  F.G.S.,  etc. 
(WITH  PLATES  XXXV  [figs.  8-15]  TO  XXXYII.) 


INTRODUCTORY. 

Siwalik  fishes. — Of  the  literature  relating  to  Siwalik  fishes  (the  description  of 
which  occupies  the  greater  part  of  this  memoir)  there  is  but  little  to  be  said,  since  a 
paper  by  M’Clelland,  a note  by  Dr.  Gunther,  and  another  by  the  present  writer 
(all  of  which  are  quoted  in  the  sequel)  constitute  almost  all  that  has  been  hitherto 
written  on  the  subject. 

Compared  with  those  of  mammals  tlie  remains  of  Siwalik  fishes  which  admit  of 
even  ordinal  determination  are  extremely  rare,  although  detached  vertebrae,  fragments 
of  fin-spines,  etc.,  are  of  not  uncommon  occurrence.  The  majority  of  the  deter- 
minable remains  belong  to  the  families  of  the  Ophiocephalidce  and  Siluridce,  which  at 
the  present  day  form  such  a marked  feature  in  the  ichthyic  fauna  of  India ; and  it 
is  noteworthy  that  nearly  all  the  specimens  of  the  latter  family  belong  to  those 
genera  in  which  the  cranial  bones  are  of  great  relative  stoutness,  and  are  covered 
with  a characteristic  sculpture.  Those  genera,  like  Bagrus,  in  which  the  cranial 
bones  are  much  thinner,  have  not  left  any  characteristic  remains,  although  it  is 
almost  certain  that  they  must  have  existed  in  the  Siwalik  period.  The  same  reason 
will  probably  account  for  the  almost  total  absence  of  the  remains  of  cyprinoids. 

The  indications  of  close  affinity  between  some  of  the  Siwalik  siluroids  and  species 
at  present  existing  in  Africa  is  a circumstance  of  considerable  importance  in  relation 
to  the  probable  derivation  of  a great  part  of  the  present  vertebrate  fauna  of  that 
country  from  the  Oriental  region.  Of  no  less  interest  is  the  occurrence  of 
remains  of  sharks  in  the  Siwaliks  of  the  Punjab  and  the  Burma,  as  affording 

, ■ A 
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evidence  of  the  physical  conditions  of  those  regions  in  the  pliocene  epoch. 

Infra-Siwalik  fishes. — The  fishes  of  the  infra-Siwalik  marine  rocks  of  the  Punjab 
and  Kach  are  known  merely  by  two  specimens  described  in  the  sequel ; while  a 
glimpse  of  the  fish-life  of  the  tertiaries  of  the  more  southern  regions  is  afforded  by  a 
third  specimen.  The  brief  literature  referring  to  these  specimens  is  quoted  in  the 
sequel. 

Subclass  I.  PAL.dEICHTHYES. 

Okder.  CHONDROPTERYGII.  Suborder.  PLAOIOSTOMATA. 

Section  I.  SELACHOIDEI. 

Family  I.  GABCHABIIBuE. 

Genus.  CARCHARIAS,  Linn.^ 

Characters. — Teeth  flat  and  triangular,  with  either  smooth  or  serrated  edges. 

Distribution. — The  genus  is  represented  by  between  thirty  and  forty  existing 
species,^  which  are  inhabitants  of  tlie  tropical  and  (more  rarely)  temperate  seas ; and 
it  is  probable  that  some  of  the  fossil  forms  described  under  the  names  of  Corax  and 
Hemipristis  are  not  generically  separable.  Carcharias  gangeticus,  which  is  found  from 
India  to  Japan,  ascends  tidal  rivers  to  distances  considerably  above  the  influence  of 
the  tides,®  and  is  also  found  in  inland  lakes  in  the  Fiji  Islands'* — the  latter  habitat 
being  of  especial  interest  in  relation  to  the  specimens  from  the  Siwaliks. 

Carcharias,  sp. 

(From  the  Siwaliks.J 

History. — The  specimens  noticed  below  are  described  for  the  first  time. 

Teeth. — The  four  teeth  represented  in  plate  XXXV.  figs.  12-15  are  selected  from 
numerous  specimens  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab; 
figs.  12,  13  being  from  the  upper,  and  14,  15  from  the  lower  jaw.  The  upper  teeth 
show  strongly-marked  serrations,  and  agree  very  closely  with  those  of  Carcharias 
glaucus^  and  C.  gangeticus ; the  notch  on  the  anterior  border  being  very  slight,  as  in 
the  latter  species.  The  lower  teeth  exhibit  much  less  clearly-marked  serrations,  but 
the  presence  of  such  serrations  indicates  that  they  belong  to  the  same  group  as  that 
containing  the  two  above-mentioned  species.  In  their  narrower  bases  both  the  lower 
teeth  differ  from  those  of  C.  glaucus  and  C.  gangeticus : the  specimen  represented  in 
fig.  15  is  probably  one  of  those  situated  close  to  the  mandibular  symphysis. 

Affinities. — It  is  probable  that  the  specimens  are  insufficient  for  specific  deter- 
mination ; and  all  that  can  be  safely  said  of  them  is  that  they  indicate  a form  allied  to 
the  two  species  mentioned  above.  The  occurrence  of  this  form  in  the  Siwaliks  of  the 

1 “ Syst.  Nat.”  ed.  12.  vol.  I.  p.  400  (1766). 

2 Thirty-five  species  are  enumerated  in  Gunther’s  “ Catalogue  of  Fishes,”  vol.  VIII.  pp.  358-375  (1870). 

- 3 Day  “ Fishes  of  India,”  p.  715  (1878).  4 Gunther  ” Study  of  Fishes,”  p.  205  (1880). 

5 Compare  the  figure  in  Gunther’s  “ Study  of  Fishes,”  p.  317.  fig.  112  (1880). 

6 Gunther  ” Catalogue  of  Fishes,”  vol  VIII.  pp.  363-364  (1870). 
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Punjab  is  a proof  of  tlie  former  existence  in  that  area  either  of  large  tidal  rivers,  or 
of  lakes  which  at  one  time  must  have  communicated  with  the  sea. 

Family  II.  LAMNIDJE. 

Genus.  CARCHARODON,  A.  Smith.^ 

Characters. — Teeth  large,  flat,  erect,  regularly  triangular,  serrated.  On  each 
side  of  the  upper  jaw,  at  some  distance  from  the  symphysis,  there  are  one  or  two 
teeth  considerably  smaller  than  the  others. 

Distribution. — At  the  present  day  the  genus  is  represented  only  by  G.  rondeletii, 
which  appears  to  occur  in  all  tropical  and  subtropical  seas ; but  it  was  extremely 
abundant  in  the  tertiaries,  ranging  from  the  lower  eocene  upwards. 

Carchakodon.  sp. 

(From  the  SiwaliJcs  of  Pegu.J 

History. — The  specimen  forming  the  subject  of  this  notice  is  described  for  the 
first  time. 

Tooth. — The  tooth  represented  from  the  convex  surface  in  plate  XXXV.  fig.  8 
was  obtained  by  Mr.  W.  T,  Blanford,  from  the  Siwaliks  of  Pegu,  British  Burma. 
The  writer  has  been  unable  to  identify  this  specimen  with  any  of  the  teeth  of 
C.  rondeletii  or  of  the  larger  G.  megalodus  : it  agrees,  however,  very  closely  in  size 
and  contour  with  teeth  of  C.  sulcide^is.,  Ag.,  from  the  Red  Crag,  but  the  serrations 
are  finer.  Other  specimens  are  required  before  the  affinities  of  this  form  can  be 
determined ; but  the  specimen  is  interesting  as  indicating  that  during  the  pliocene 
period  Pegu,  as  at  the  present  day,  was  traversed  by  the  numerous  outlets  of  the 
Irawadi. 

Genus,  non.  det. 

Vertebrae. — The  vertebra  of  a shark  represented  in  plate  XXXVII.  figs.  9,  9a, 
is  one  of  two  similar  specimens  in  the  Indian  Museum  obtained  from  the  Siwaliks  of 
Perim  Island.  They  agree  very  closely  with  the  vertebrm  of  Lamna  cornubica^  and 
not  improbably  belong  either  to  Lamna  or  Garcharias. 

Section  II.  BATOIDEI. 

Family.  MYLIOBA  TIDHd. 

Genus.  MYLIOBATIS,  CuvieP  {ex  Dum^ril). 

Characters. — Teeth  hexangular,  large,  flat,  tessellated  : those  in  the  middle  mucli 
broader  than  long ; several  narrower  series  on  each  side.  In  very  young  examples 
the  median  teeth  are  regularly  hexagonal,  and  not  larger  than  the  others. 

Distribution. — Seven  existing  species  are  known,®  one  of  which  is  almost  cos- 
mopolitan ; while  of  fossil  forms  a very  large  number  have  been  described.  Signor 
IsseP  gives  a list  of  forty-two  species,  and  by  adding  descriptions  of  four  new  ones, 

1 In  Muller  and  Henle’s  “ Syst.  Beschreibung.  d.  Plagiostomen,”  p.  70  (1841). 

2 “ Regne  Animal,”  1st  ed.  vol.  II.  p.  137  (1817).  3 Gunther  ” Catalogue  of  Fishes,”  vol.  VIII.  pp.  488-492  (1870) . 

i ‘Ann.  Mus.  Nat.  Genova.’  vol.  X.  jjp.  313-340  (1877). 
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brings  up  the  number  to  forty-six  ; while  Signor  Botti^  enumerates  no  less  than  sixty 
species,*  to  which  he  adds  the  new  M.  salentims:  this  list  does  not,  moreover,  include 
six  North  American  species  described  by  Prof.  J,  Leidy.^  A memoir  on  two  species 
(included  in  Botti’s  list)  by  Signor  F.  BassanP  may  be  also  mentioned.  The  genus 
commences  in  the  London  Clay.^ 

Species.  Myliobatis  cuevipalatus,  n.  sp.  nobis. 

('From  the  eocene  of  Kach.J 

Jlistory. — The  specimen  on  which  this  provisional  species  is  founded  has  been 
previously  described  by  the  present  writer®  without  a specific  designation. 

Dental  plate. — The  type  specimen  was  obtained  by  Mr.  A.  B.  Wynne  from  the 
nummulitics  of  Kach,®  and  is  figured  in  plan  and  section  in  plate  XXXV.  figs.  9,  9a. 
It  has  been  split  longitudinally  in  the  middle  line,  and  comprises  the  halves  of  four 
of  the  middle  teeth,  and  two  entire  teeth  of  the  innermost  lateral  row  (a) : the 
median  teeth  are  of  considerable  antero-posterior  diameter.  The  characteristic 
feature  of  the  specimen  consists  in,  the  peculiar  contour  of  the  transverse  section 
(fig.  9a) : the  middle  line  being  considerably  depressed,  the  contiguous  portion 
presenting  a bold  upward  curve,  and  the  border  showing  a sharp  descent  to  the 
lateral  plates,  which  are  situated  much  below  the  plane  of  the  median  line. 

Affinities. — A comparison  with  the  specimens  in  the  British  Museum  apparently 
indicates  the  distinctness  of  the  present  specimen  from  each  of  the  thirteen  species 
mentioned  in  the  foot-note  (4) ; it  comes,  however,  nearest  to  M.  striatus,  and  presents 
some  resemblance  to  M.  micropleurus.’’  Figures  of  the  dentition  of  five  species  are 
given  by  Signor  Issel,®  and  the  Indian  specimen  is  almost  certainly  distinct  from  all 
of  them,  although  the  dental  plate  of  M.  ligusticus  makes  an  approach  to  it  in  the 
contour  of  the  transverse  section.  M.  salentinus,  Botti,®  is  a much  smaller  species; 
and  M.  omhonii,  and  M.  elegans.,  Bassani,^®  appear  equally  distinct.  That  the  Indian 
form  is  identical  with  any  of  the  American  fossil  species  is  improbable  ; and  its 
distinction  from  all  the  living  species  (in  which  the  dental  plates  are  simply  convex) 
might  be  inferred  on  account  of  its  geological  age  alone. 

Although  the  writer  cannot  be  absolutely  certain  that  the  present  form 
is  distinct  from  all  the  described  species,  yet  it  appears  probable  that  such  is  the 

1 ‘ Atti.  Soc.  Tosc  Sci.  Nat.’  vol.  III.  pp,  371-382  (1878). 

2 ‘ Proc.  Ac.  Nat.  Sci  Philad.’  vol.  VII.  p 397  (1855),  and  1876,  pp  80-86. 

3 “ Ittiodontoliti  del  Veneto”—8vo  Padua.  (1877). 

4 Dental  plates  of  a considerable  number  of  species  are  figured  by  Gervais  in  the  “Zool.  et  Pal.  Francjaises,”  2nd  ed. 
pis.  LXVII.  LXXIX.  and  LXXX.  The  following  species  (which  unless  otherwise  stated  are  from  the  English  eocene)  are 
represented  in  the  collection  of  the  British  Museum,  viz  : 1.  M.  contractus,  Dix.  2.  M.  dixoni,  Ag  3.  M edwardsi,  Ag. 
4.  M.  goniopleurus,  Ag.  5.  M.  gyratus,  Ag  6.  M.  heteropleurus,  Ag.  7.  M.  irregularis,  Dix  8.  M.  micropleurus,  Ag. 
(miocene.  Prance  and  Malta.)  9.  M.  nitidw^,  Ag.  10.  M.  punctatus,  Ag.  11.  Af.  stokesi,  Ag.  (miocene,  Malta.)  12. 
striatus,  Ag.  13.  M.  toliapicus,  Ag. 

5 ‘ Eec.  Geol.  Surv.  Ind.’  vol.  X.  p.  43  (1877). 

6 In  ‘ Journ.  As.  Soc.  Beng.’  vol  XLIX.  pt.  2.  p.  10  (1880)  erroneously  said  to  be  from  the  Punjab. 

7 Vide  Gervais  op.  cit.  pi.  LXXX.  fig.  4.  8 Op.  cit.  9 Op.  cit. 

10  Vide  Gunther  “ Study  of  Fishes,”  p.  338.  fig.  125.  (1880) 
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case,  and  it  is  therefore  proposed  to  assign  it  a provisional  specific  name  ; and  from 
the  peculiar  character  of  the  dental  plate  the  name  Myliohatis  curvipalatus  will  he 
appropriate. 

The  contour  of  the  dental  plate  of  M.  curvipalatus  shows  an  approach  to  the 
remarkable  one  in  the  same  element  of  Bhynchohatus^ ; and  if  the  resemblance  be  a 
true  one  it  indicates  that  the  type  specimen  of  the  former  belongs  to  the  upper  jaw. 

Subclass  II.  TELEOSTEI. 

Order  I.  ACANTHOPTERYGII. 

Family  I.  SPA  EID^. 

Characters. — Either  cutting-teeth  in  the  front  of  the  jaws,  or  molariform  teeth 
on  the  sides  ; palate  either  toothed  or  edentulous. 

Genus.  CAPITODUS,  Munster. ^ 

Characters. — Both  palatal  and  premaxillary  teeth  present : the  latter  wider  than 
in  Sargus. 

Distribution. — Five  species  were  described  by  MiinsteF  from  the  miocene  of  the 
Vienna  basin;  one  of  these  (0.  truncatus)  having  been  subsequently  recorded  by 
RoemeP  from  contemporary  strata  in  upper  Silesia. 

Capitodus  indicus,  nobis.^ 

(From  the  eocene  of  the  Punjab. J 

History. — The  type  specimen  has  been  described  by  the  writer  in  the  notice  cited. 

Tooth. — The  tooth  represented  in  plate  XXXV.  figs.  11,  11a  was  collected  by 
Mr.  A.  B.  Wynne  from  the  nummulitics  of  Kohdt,  Punjab  ; it  is  one  of  the  incisiform 
series,  and  agrees  so  closely  with  the  teeth  of  the  European  species  of  Capitodus  that 
it  may  be  pretty  safely  referred  to  that  genus.  The  crown  is  broad  and  laterally 
expanded,  its  dentine  having  been  worn  into  a deep  hollow  on  the  inner  surface 
(fig.  11a).  The  outer  surface  is  coated  with  enamel,  and  is  convex  laterally;  its 
width  is  0-7,  and  its  height  0'4  inch. 

Affinities. — In  its  general  contour  and  mode  of  wear  the  Indian  tooth  closely 
resembles  the  teeth  of  C.  truncatus  j but  the  crown  is  relatively  much  wider.  In  the 
other  four  European  species  the  crowns  of  the  incisive  teeth  are  still  narrower. 

The  beds  from  which  G.  indicus  was  obtained  are  probably  of  upper  eocene  age. 

Family  II.  OPHIOCFPRALIDM. 

Characters. — Head  depressed,  covered  with  shield-like  scales  superiorly ; cleft  of 
the  mouth  lateral,  wide  ; teeth  in  the  jaw  and  on  the  palate.  Eye  lateral ; a cavity 
accessory  to  the  gill-cavity  for  containing  water. 

Distribution. — The  family  comprises  only  the  genera  Ophiocephalus  and  Channa 
(the  latter  having  but  one  species),  and  is  mainly  characteristic  of  the  Oriental  region, 

1 Vide  Gunther  “ Study  of  Fishes,”  p.  338.  fig.  125  (1880).  2 “ Beitriige  zur  Petrefactenkunde,”  pt.  V.  p 67  (1842). 

3 Ihid.  pt  VII.  4 “ Geologie  von  Oherschlesien,”  pi.  XLVIII.  fig.  4 [Breslau,  1870). 

5 ‘ Rec.  Geol.  Surv.  Ind.’  vol.  XIII.  p.  61  (1880).  6 Munster,  op.  cit.  pt.  VII.  pi.  II.  fig.  2,  and  Roemer,  loe.  cit. 
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although  one  or  two  species  occur  in  Africa.^  The  writer  is  not  aware  that  any  fossil 
forms  have  been  hitherto  described. 

Genus.  OPHIOCEPHALUS,  Block.^ 

Ophiocephalus,  sp.  a. 

{From  the  Suvaliks.) 

History. — The  first  mention  of  the  occurrence  of  remains  of  fishes  of  this  family 
in  the  Siwaliks  was  made  by  M’Clelland^  in  1844,  on  the  evidence  of  the  specimens 
noticed  below. 

Skulls. — The  specimen  represented  in  plate  XXXVII.  fig.  2 was  obtained  from 
the  Siwalik  Hills,  and  is  preserved  in  the  British  Museum  (Cautley  collection).  It 
comprises  the  greater  part  of  the  cranium  and  mandible  (the  former  being  crushed 
in  behind  the  orbit)  and  posteriorly  exhibits  the  pharyngeal  teeth  (/).  The  strong 
development  of  the  maxilla,  the  long  series  of  teeth,  the  shield-like  scales  on  the 
frontals,  the  presence  of  an  accessory  gill-cavity  (as  shown  by  fracture),  and  the 
general  contour,  agree  so  exactly  with  Ophiocephalus.,  that  there  can  be  no  doubt  as 
to  the  genus  of  the  specimen.  The  large  size  of  the  frontal  scales  shows  that  the 
specimen  belongs  to  the  first  group  of  Dr.  Giinther’s^  classification,  but  beyond  this 
the  specimen  scarcely  admits  of  closer  approximation.  It  agrees  in  size  with  the 
head  of  an  adult  stuffed  specimen  of  the  Indian  0.  striatus  in  the  British  Museum, 
but  appears  decidedly  less  depressed. 

Two  other  less  perfect  skulls  in  the  British  Museum  (Nos.  15374  and  15375) 
from  the  Siwalik  Hills  not  improbably  belong  to  the  same  species  as  the  preceding. 

Ophiocephalus,  sp.  h. 

{From  the  Siwaliks.) 

Skull. — A much-rolled  skull  in  the  British  Museum  (No.  16402a,)  from  the 
Siwalik  Hills  indicates  an  Ophiocephalus  of  considerably  larger  size  than  the  preceding 
specimens,  which  is  not  improbably  specifically  distinct.  Owing  to  the  damaged 
condition  of  the  specimen  a figure  has  not  been  given : the  cranial  shield-like  scales 
are  of  very  large  size,  and  apparently  relatively  larger  than  those  of  the  preceding 
species. 

Oeder  II.  PHYSOSTOMI. 

Family  I.  SILURIDHJ. 

Characters. — Skin  naked  or  with  osseous  scutes,  but  without  scales.  Barbels 
always  present ; maxillae  rudimentary,  and  the  margin  of  the  upper  jaw  formed  by 
the  premaxillae. 

Distribution. — This  extensive  family  is  found  in  the  freshwaters  of  nearly  all 
the  temperate  and  tropical  regions,  and  is  very  strongly  represented  in  India  and 
Africa.  The  writer  is  not  acquainted  with  any  European  fossil  representative  of  the 

1 Giiuther  “ study  of  Fishes,”  p 513  (1880).  2 “ Ausliindische  Fische.”  vol.  VITI.  p.  137  (1785-95). 

3 ‘ Calcutta  Journ.  Nat.  Hist.’  vol.  IV.  p.  83  (1844).  ^ ” Catalogue  of  Fishes,’  vol.  III.  p.  469  (1861). 
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family,  altliougli  remains  of  Pseudotropius  and  Bagarius  have  been  described  from  the 
tertiaries  of  Sumatra^ ; while  spines  belonging  to  various  genera  are  recorded  from 
the  tertiaries  of  North  America.^ 

Siwalih  forms. — Fragmentary  remains  of  members  of  the  family  are  of  not 
uncommon  occurrence  in  the  Siwaliks,  but  it  is  only  in  comparatively  few  instances 
that  they  are  even  generically  determinable.  With  a few  exceptions  only  such 
specimens  have  been  figured  in  this  volume  as  admit  of  such  determination  being 
either  definitely  or  approximately  made. 

Subfamily  I.  EOMALOPTEB^. 

Group.  CLARIINA. 

Characters. — The  cranium  is  much  depressed,  and  very  fully  ossified,  all  the 
bones  being  sculptured  : vacuities  occur  in  the  median  line  of  the  supraoccipital  and 
frontals. 

Distribution. — The  group  is  confined  to  Africa  and  the  Oriental  region. 

Genus.  CLARIAS,  Gronovius.® 

Characters. — Jaws  with  a band  of  villiform  teeth : a band  of  villiform  or  granular 
teeth  across  thfe  vomer ; cleft  of  the  mouth  transverse,  anterior,  of  moderate  width  : 
orbits  small : upper  and  lateral  parts  of  the  head  osseous,  or  covered  with  very  thin 
skin : upper  cranial  bones  covered  with  granular  sculpture. 

Distribution. — The  distribution  of  the  genus  is  the  same  as  that  of  the  group  ; 
nineteen  species  are  enumerated  in  Gunther’s  “ Catalogue  of  Fishes,”^  of  which  two 
occur  in  India.  Some  of  the  species  are  of  large  size. 

Species.  Claeias  falconeri,  n.  sp.  nobis. 

[From  the  SuvaliJcs.) 

History. — The  one  specimen  on  which  this  species  is  founded  is  now  described 
for  the  first  time  ; it  was  obtained  from  the  Siwalik  Hills,  and  transferred  from  the 
old  India  House  Museum  to  the  British  Museum  in  1880. 

Cranium. — The  type  specimen  is  represented  in  plate  XXXVII.  fig.  1 ; it  com- 
prises a portion  of  the  middle  of  the  cranium,  showing  the  greater  part  of  the 
supraoccipital  [sup.),  and  frontals  (/r.),  and  the  posterior  extremity  of  the  ethmoid. 
The , characteristic  supraoccipital  (a)  and  frontal  (Z*)  vacuities  are  clearly  exhibited, 
and  indicate  the  genus  of  the  specimen.  In  size  the  fossil  indicates  a species  of 
about  eighteen  inches  in  length.  The  characteristic  feature  of  the  Siwalik  form  is 
the  great  prominence  of  the  supraoccipital  region,  which  the  writer  has  not  observed 
in  the  skulls  of  such  of  the  existing  species  as  have  come  under  his  notice.  The 
sculpture  is  comparatively  fine  : the  left  half  of  the  claviculo-coracoidal  arch,  which 
is  strongly  grooved,  is  attached  to  the  ventral  aspect. 

1 Gunther  ‘ Geol.  Mag.’  dec.  2.  vol.  III.  pp.  433-440  (1876). 

2 See  Leidy  “Contributions  to  extinct  Vertebrate  Fauna  of  the  Western  Territories”  (Rep.  U.  S.  Geol.  Surv.). 

p.  193  (1873).  3 “ Zoophylacium  Gronovianum.”  p.  100  (1763-81). 

4 Volume  V.  pp.  13-21  (1865).  Twenty  species  are  mentioned  in  the  “ Study  of  Fishes,”  p.  563. 
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Distinctness. — Of  the  Indian  species,  C.jagur  according  to  Dr.  Day^  has  but  one 
cranial  vacuity  ; while  C.  magur  and  the  allied  C.  assamensis'^  have  not  the  elevated 
ridge  on  the  supraoccipital,  and  the  skull  of  G.  teysmanni  is  considerably  smaller  and 
much  flatter.  The  writer  has  been  unable  to  identify  the  fossil  with  any  African 
form  of  which  there  are  skulls  in  the  British  Museum  ; and  it  is  certainly  distinct 
from  the  nearly  equal-sized  C.  gariepinus  [capensis),  in  which  the  cranial  vacuities  are 
smaller,  and  the  supraoccipital  nearly  flat.  Under  these  circumstances  it  is  proposed 
to  assign  the  provisional  name  of  Clarias  falconeri  to  the  Siwalik  species. 

Genus  , II.  HETEROBRANCHUS,  Geoffroy." 

Characters. — This  genus  is  chiefly  distinguished  from  the  preceding  by  the 
structure  of  the  fins ; but  the  supraoccipital  process  is  more  developed,  and  all  the 
species  are  of  small  size  (pi.  XXXVI.  fig.  3j. 

Distribution. — Six  species  are  enumerated  in  Gunther’s  “ Catalogue  of  Fishes,”^ 
of  which  five  are  exclusively  African,  while  the  sixth  is  from  Banka  and  Borneo. 

Species.  Heterobranchus  pal^indicus,  n.  sp.  nobis. 

{From  the  Siwalihs.') 

History. — The  one  specimen  on  which  this  species  is  founded  was  obtained  from 
the  Siwalik  Hills,  and  belongs  to  the  Cautley  collection  of  the  British  Museum : it 
has  not  hitherto  been  described. 

Skull. — The  type  specimen  is  represented  of  the  natural  size  in  plate  XXXVI. 
fig.  4 ; a figure  of  the  skull  of  the  existing  African  H.  intermedius  being  given  in 
figure  3 of  the  same  plate.  The  fossil  comprises  the  nearly  complete  skull  ; the 
chief  losses  being  the  premaxillae,  the  turbinals,  the  extremity  and  the  lateral  wings  of 
the  ethmoid  {eth.).  and  the  extremity  of  the  supraoccipital  {sup.).  Compared  with  the 
skull  of  H.  intermedius  it  will  be  seen  that  the  resemblance  is  so  close  as  to  leaAm  no 
doubt  of  the  generic  unity  of  the  two  specimens.  The  fossil  and  recent  skulls  are 
of  very  nearly  the  same  dimensions,  and  belong  to  individuals  of  about  fifteen 
inches  in  length.  The  fossil  differs  by  the  narrower  anterior  extremity  of  the 
ethmoid  {eth.).,  by  the  shorter  and  wider  frontal  vacuity  {b),  and  by  the  band  of 
villiform  teeth  on  the  palate  being  narrower  and  more  extended  laterally.  The 
united  claviculo-coracoidal  element  of  the  humeral  arch,  which  is  preserved  on 
the  ventral  aspect  of  the  specimen,  is  also  more  deeply  grooved.  In  the  great 
development  of  the  supraoccipital  spine  {sup.)  the  specimen  agrees  with  Heterobran- 
chus, and  differs  from  Clarias. 

Distinctness. — The  foregoing  comparisons  indicate  the  specific  distinctness  of  the 
Siwalik  Heterobranchus  from  H.  intermedius,  and  therefore  probably  also  from  the 
allied  H.  dorsalis.  H.  isopterus  appears  to  be  distinguished  by  its  inferior  size.  Of 
the  other  three  species,  H.  laticeps  is  not  represented  in  the  British  Museum  collection, 
while  there  are  only  young  specimens  of  H.  tapeinopterus  and  H.  longifilis,  and  the 

1 “Fishes  of  India,”  p.  484  (1878).  2 Ibid.  p.  485. 

3 “ Desci’ip.  Eg.  Atl.  Poissons,”  pi.  XVI.  fig  2 (1809-13).  4 Volume  V pp.  21-23  (1865). 
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writer  has  not  therefore  been  able  to  assure  himself  of  the  distinctness  of  the  fossil 
form ; but  as  such  distinctness  is  probable,  it  is  proposed  to  provisionally  regard  the 
latter  as  a new  species,  under  the  name  of  II.  palmindicus. 

Tlie  occurrence  of  a species  of  Jleterohranchus  in  the  pliocene  of  India  is  ex- 
tremely interesting  as  affording  another  instance  of  the  probable  migration  of 
existing  African  genera  from  an  Oriental  centre  of  distribution. 

Subfamily  II.  PROTEBOFTEBJE. 

Group  A.  BAGRINA. 

Characters — The  anterior  and  posterior  nostrils  are  remote  from  one  another. 
Genus  I.  CHRYSICHTHYS,  Bleeker.^ 

Characters. — Teeth  on  the  palate  in  two  lateral  portions;  jaws  equal  in  length, 
or  the  upper  the  longer ; skull  relatively  broad,  and  the  bones  of  the  upper  part  of 
the  cranium  usually  with  a cancellous  structure.  Clarotes  is  distinguished  by  very 
slight  characters. 

Eistribution. — The  genus  is  confined  at  the  present  day  to  tropical  Africa ; seven 
species  are  recorded  by  Giinther,^  the  largest  of  which  attains  a length  of  fifteen 
inches.  Clarotes  is  also  African,  and  is  known  by  one  species. 

Species.  Cheysichthys  (?)  theobaldi,  n.  sp.  nobis, 

(From  the  Siwaliks.) 

History. — The  specimen  on  which  this  species  is  founded  is  described  for  the 
first  time. 

Cranium. — The  hinder  portion  of  the  cranium  of  a siluroid  represented  in  plate 
XXXVII.  fig.  4 was  collected  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab. 
The  supraoccipital  and  frontal  region  is  well  preserved,  but  the  basicranial  axis  has 
been  twisted  to  the  left  side,  and  a portion  of  tlie  upper  surface  of  the  cranium 
displaced  below  the  frontals.  The  whole  of  the  upper  cranial  bones  are  coarsely 
cancellated,  thus  presenting  an  approach  to  a true  sculpture,  and  showing  that  the 
overlying  skin  was  comparatively  thin.  In  figure  5 there  is  represented  the  skull  of 
the  existing  Chrysichthys  macrops^  and  a comparison  of  this  figure  with  that  of  the 
fossil  will  show  how  extremely  close  is  the  resemblance  between  the  two.  Thus 
both  exhibit  the  same  relatively  wide  cranium,  with  the  short  supraoccipital  process 
(sup.),  the  long  frontal  vacuity  (/;),  and  the  cancellous  upper  surface  of  the  bones. 

Affinities. — The  fossil  indicates  an  individual  of  about  two  feet,  or  rather  more, 
in  length,  and  its  close  resemblance  to  Chrysichthys  leaves  but  little  doubt  that  it 
belongs  either  to  that  or  a closely  allied  genus.  The  relatively  great  width  of  the 
cranium,  the  shorter  supraoccipital  process,  and  the  cancellous  structure  of  the 
cranial  bones  at  once  distinguish  it  from  Bagrus : but  Clarotes  is  too  closely  allied  to 
Chrysichthys  to  admit  of  distinction  in  the  case  of  specimens  as  imperfect  as  the 
present  one. 

1 “ Ichthyol.  Archipel.  Ind.  Prodromus — Siluroidei,”  p.  60  (1858). 

2 “ Catalogue  of  Fishes,”  vol.  V pp.  71-73,  and  430-431  (1864). 
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As  the  fossil  is  larger  than  any  of  the  existing  species  of  Chrysichthys  (and 
Clarotes\  it  may  be  regarded  as  distinct,  and  provisionally  named  Chrysichthys  (?) 
theobaldi. 

Genus  II.  Macrones,  Dum^ril.^ 

Characters. — Teeth  on  the  palate  in  a continuous  band;  no  moveable  lateral 
teeth  ; upper  jaw  the  longer ; skull  long ; median  portion  of  the  upper  surface  of 
the  cranial  bones  covered  with  a radiate  sculpture. 

Distribution. — The  genus  is  confined  to  Asia,  nineteen  species  being  enumerated 
by  Dr.  Gunther^ ; it  is  divided  into  two  groups  from  the  characters  of  the  fins,  one 
of  those  groups  being  subdivided  according  to  the  presence  or  absence  of  a separate 
interneural  shield  on  the  nape. 

A.  A separate  interneural  shield  on  the  nape. 

Species.  Macrones  aor  (Buch.  Hamilton®). 

Syn.  Pimelodus  aor,  Buch.  Hamilton.^ 

Bagrus  aor,  Cuvier  and  Vallenciennes.® 

(From  the  Biwalihs). 

History  of  fossil  form. — The  fossil  specimen  identified  with  this  species  is 
described  for  the  first  time ; it  was  obtained  from  the  Siwalik  Hills,  and  on  the 
death  of  Dr.  Falconer  was  ^^resented  by  his  brother  to  the  British  Museum. 

Skull. — The  above-mentioned  specimen  is  represented  of  two-thirds  the  natural 
size  in  plate  XXXVI.  fig.  5 ; it  comprises  the  entire  skull,  and  the  greater  portion 
of  the  bones  of  the  humeral  arch  in  very  perfect  preservation,  although  on  the  left 
side  the  gill-cover  has  been  crushed  in  beneath  the  cranium.  The  villiform 
teeth  on  the  premaxillse  are  distinctly  visible,  but  the  palatal  teeth  are  concealed 
by  the  mandible  and  matrix.  The  upper  jaw  overlaps  the  lower,  and  tlie  position 
of  the  widely  separated  anterior  and  posterior  nares  (na,  no)  is  clearly  indicated. 

Compared  with  a full-grown  stuffed  specimen  of  Macrones  aor  in  the  British 
Museum,  measuring  nearly  three  feet  in  length,  the  fossil  agrees  so  closely  that 
there  can  be  little,  if  any,  doubt  as  to  its  specific  identity.  It  agrees  exactlj^  with  the 
recent  skull  in  size,  and,  allowing  for  a small  fracture  on  the  lateral  borders  of  the 
fronto-parietal  region,  and  the  loss  of  the  extremity  of  the  supraoccipital  process, 
absolutely  no  difference  can  be  detected  in  respect  of  form  and  structure.  The 
skull  of  the  existing  Indian  Macrones  lamarii^  (the  only  other  member  of  the  present 
sub-group)  is  relatively  longer  and  narrower,  and  has  the  cranial  sculpture  some- 
what finer. 

Distribution. — The  existing  form  appears  to  be  distributed  over  Burma  and  the 

1 “ Ichthyologie  Analytique,”  p.  484  (1856).  2 “ Catalogue  of  Fishes,”  vol.  V.  pp.  74-84  (1864). 

3 “ Fishes  of  the  Ganges,”  p.  205  (1822).  Pimelodus.  4 Loc.  cit. 

5 “Hist.  Nat-  d.  Poissons,”  vol.  XIV.  p.  405  (1839). 

6 Day  (“  Fishes  of  India”)  identifies  this  species  with  M.  seenghala  (Sykes),  and  adopts  the  latter  name.  Gunther 
(“  Catalogue  of  Fishes,”  vol.  V.  p.  78)  considered  M.  seenghala  as  a synonym  of  M.  aor. 
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whole  of  India,  and  its  range  therefore  covers  the  area  inhabited  by  its  fossil  pro- 
genitor. 

Genus  III.  RITA,  Bleeker.^ 

Characters. — Teeth  on  the  palate  granular  or  molariforui ; the  upper  jaw  longer 
than  the  lower ; posterior  border  of  the  supraoccipital  process  notched  to  receive  the 
basal  bone  of  the  dorsal  spine  (pi.  XXXVII.  fig.  6);  upper  cranial  bones  covered 
with  a granular  or  subradiate  sculpture. 

Distribution. — The  genus  is  confined  to  the  Oriental  region;  five  species  being 
recorded  in  Gunther’s  “ Catalogue  of  Fishes,”^  and  a sixth  having  been  subsequently 
described  by  Dr.  Anderson^  under  the  name  of  B.  sacerdotum. 

Species.  Rita  geandiscutata,  n.  sp.  nohis. 

(From  the  Siwaliks.) 

History. — No  previous  description  has  been  given  of  the  specimen  on  which  this 
species  is  founded. 

Basal  hone  of  dorsal  spine,— Fho,  specimen  represented  of  half  the  natural  size  in 
plate  XXXVII.  fig.  3 was  collected  by  Mr.  Wynne  in  the  Siwaliks  of  the  Punjab  ; 
and  consists  of  the  entire  basal  bone  of  the  dorsal  spine  of  a gigantic  siluroid. 
Compared  with  existing  siluroids  this  specimen  agrees  more  nearly  with  the  corres- 
ponding element  in  Rita  than  in  any  other  genus,  and  in  order  to  exhibit  this 
resemblance  the  hinder  part  of  the  cranium  and  basal  bone  of  the  dorsal  spine  of  a 
young  individual  of  the  existing  Indian  R.  crucigera^  (Owen)  has  been  drawn  in  fig. 
6 of  the  sanle  plate.  If  the  two  figures  be  compared  it  will  be  seen  that  in  the 
contour  of  the  posterior  border  the  fossil  agrees  almost  precisely  with  the  recent 
bone,  the  facettes  marked  e being  exactly  similar;  the  anterior  extremity  of  the  two 
is  also  constructed  on  the  same  plan,  although  the  processes  (/)  for  articulation  with 
the  supraoccipital  process  are  more  developed  in  the  fossil.  On  the  lateral  borders  the 
fossil  differs  by  its  expansion  into  the  strongly  marked  processes  c and  c?,  which  are 
totally  wanting  in  the  recent  bone ; but  it  is  probably  that  this  is  not  more  than  a 
specific  variation.  In  the  extreme  prominence  of  the  upper  half  of  the  middle  line 
the  fossil  also  differs  very  markedly  from  the  recent  specimen,  and  its  sculpture  also 
appears  relatively  finer. 

Afinities. — That  the  fossil  specimen  indicates  a siluroid  specifically  distinct  from 
Rita  crucigera  (which  attains  a length  of  four  feet)  is  perfectly  evident ; and  its 
specific  distinctioq,  from  the  four  smaller  species  mentioned  in  Gunther’s  “Catalogue” 
is  equally  clear.  As  Rita  sacerdotum y'whioh  attains  a length  of  five  feet,  appears  to 
be  less  close  to  the  Siwalk  specimen  than  R.  crucigera.,  the  specific  distinctness  of  the 
fossil  form  may  be  assumed  ; and  since  it  is  probable  that  the  differences  distin- 
guishing the  latter  from  the  existing  species  of  Rita  are  not  of  more  than  specific 

1 “ Iclithyol.  Archipel.  Ind.  Prodromus— Siluroidei,”  p.  60  (1858).  2 Vol.  V.  pp.  92-94  (1864). 

3 “ Eesults  of  Yunnan  Expedition,”  p.  864,  pi.  LXXIX.  fig  3 (1878). 

i Day  (“  Fishes  of  India  ”)  adopts  the  name  R.  biichanani  for  this  species. 
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value,  it  may  be  provisionally  referred  to  that  genus  with  the  name  of  R.  grandi- 
scutata. 

The  very  large  size  of  the  type  specimen  indicates  that  B.  grandisciitata  con 
siderably  exceeded  in  its  dimensions  any  of  the  existing  species,  and  its  length  may 
be  roughly  estimated  as  probably  not  less  than  seven  feet. 

Group  B.  ARIINA. 

Characters. — Anterior  and  posterior  nostrils  approximated. 

Genus.  ARIUS,  Cuv.  and  Val.^ 

Characters. — Head  osseous  above ; superior  cranial  bones  covered  with  a granulo- 
radiate  sculpture;  teeth  on  the  palate  fixed;  upper  jaw  longer  than  the  lower. 
The  genus  is  divided  into  groups  from  the  structure  of  the  teeth. 

Distribution. — The  genus  is  spread  over  the  whole  of  tlie  tropical  regions,  and 
comprises  a very  large  number  of  species.  From  India  and  the  adjacent  countries 
twelve  species  are  recorded  by  Dr.  Day.^ 

I.  Vomerine  teeth  are  present.^  and  form  a continuous  or  slightly  interrupted  hand, 
more  or  less  confluent  with  the  'palatine  teeth. 

A.  Teeth  on  the  palate  villiform. 

Arius,  sp.  a. 

{From  the  SiwaliJcs). 

History. — The  specimen  noticed  below  was  obtained  from  the  Siwalik  Hills,  and 
belongs  to  the  Cautley  collection  of  the  British  Museum ; it  has  not  been  hitherto 
described. 

Cranium. — The  specimen  represented  in  plate  XXXVI.  fig.  2 consists  of  the 
hinder  part  of  the  cranium  of  a very  large  siluroid,  showing  the  basicranial  axis, 
and  a considerable  portion  of  the  bones  of  the  upper  part  of  the  face.  Nearly  the 
whole  of  the  supraoccipital  {sup.)  and  a considerable  portion  of  the  adjacent  lateral 
bones  are  preserved,  as  well  as  the  hinder  extremities  of  the  frontals  {fr.) ; and  in  order 
to  exhibit  the  form  of  this  part  of  the  cranium  when  complete  the  specimen  has  been 
restored  in  outline  from  the  corresponding  portion  of  the  cranium  of  the  existing 
Arius  latiscutatus  of  West  Africa. 

Comparing  the  fossil  with  the  cranium  of  the  last-mentioned  species,  the  resem- 
blance between  the  two  is  so  close,  that  not  only  may  it  be  said  without  doubt  tliat 
the  former  belongs  to  the  genus  Arius,  but  that  it  belongs  to  the  same  group  as  the 
existing  species.  The  cranium  of  the  latter  is  described  as  rather  broad  and 
depressed,  and  coarsely  granulated  above  ; the  supraoccipital  process  is  broader  than 
long,  subtriangular,  with  the  lateral  margins  undulated,  and  with  a median  longitu- 
dinal ridge  ; the  fonticulus  on  the  upper  side  of  the  head  is  very  narrow,  tapering 
behind,  and  extending  to  the  base  of  the  supraoccipital  process.  The  largest 
skeleton  in  the  British  Museum  measures  fifty-two  inches  in  length,  and  the  fossil 


1 “Hist.  Nat.  d Poissons,”  vol.  XV.  p.  oo  (IblO). 


2 “Fishes  of  India,”  pp.  458-463  (1878). 
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indicates  a slightly  larger  individual.  The  fossil  cranium  agrees  almost  exactly 
with  that  of  the  existing  species,  but  the  sculpture  on  the  median  line  is  perhaps 
rather  coarser,  and  the  tubercles  on  the  lateral  portion  are  somewhat  more  regularly 
conical. 

Afinities. — In  the  absence  of  the  more  characteristic  anterior  portion  of  the 
cranium  it  is  almost  impossible  to  say  whether  the  fossil  is  specifically  distinct  from 
the  existing  African  species,  although  on  distributional  grounds  there  is  a con- 
siderable probability  that  such  is  the  case.  Two  of  the  Indian  species  - A.  thalassinus 
and  A.  gagoroides — are  of  considerably  smaller  size,  but  both  present  a median 
supraoccipital  ridge.  The  largest  of  the  twelve  Oriental  species  of  this  group 
mentioned  by  Dr.  Day^  is  A.  sagor,  which  attains  a length  of  at  least  three  feet, 
but  has  not  the  prominent  median  ridge  on  the  supraoccipital.  It  seems  therefore 
very  probable  that  the  fossil  is  specifically  distinct  from  any  existing  Indian  species, 
but  all  that  can  be  safely  said  of  it  at  present  is  that  it  indicates  the  existence  of  a 
siluroid  in  the  Siwaliks  fully  equal  in  size  to  the  largest  individuals  of  the  African 
Arms  latiscutatus,  and  doubtless  closely  allied  to  that  species  and  the  two  smaller 
Indian  species  mentioned  above. 

II.  Teeth  on  the  palate  in  tivo  generally  zvidely  separate  patches]  'when  vomerine 
teeth  are  present  they  are  widely  separated  into  two  small  groups.,  which  may  he  con- 
tmuous  with  the  palatine  teeth. 

A.  Teeth  on  the  palate  granular,  or  obtusely  conical.^ 

Arius  (?),  sp.  h. 

[From  the  Siwalilcs). 

History. — The  first  specimen  noticed  below  has  been  described  by  Dr.  Griinther,’^ 
who  considered  that  it  might  possibly  belong  to  Azdus. 

Palatme.  —The  specimen  represented  in  plate  XXXVII.  fig.  7 was  obtained 
from  the  Siwaliks  of  the  Punjab  by  Mr.  Theobald,  and  is  described  as  follows  by 
Dr.  Gunther.  “ One  side  (the  inner)  is  more  straight  than  the  other  (outer),  which 
especially  towards  the  front  is  curvilinear.  One  surface  is  entirely  covered  with  small 
granular  (molar)  teeth,  somewhat  irregular  in  size  and  shape,  the  largest  being  about 
the  size  of  a join’s  head.  This  dental  surface  is  strongly  convex  in  its  transverse  as 
well  as  longitudinal  axis,  and,  especially  the  part  in  which  the  fossil  is  widest,  forms  a 
conspicuous  process.  There  is  scarcely  any  doubt  that  this  bone  is  the  right  palatine 
of  a large  siluroid.” 

An  almost  precisely  similar,  although  less  perfect,  palatine  of  the  same  side  is 
represented  in  fig.  8 of  the  same  plate,  which  was  collected  by  Mr.  F.  Fedden  from 
the  lower  Siwaliks  of  the  Laki  Hills,  Sind.  There  is  every  probability  that  this 
specimen  is  specifically  identical  with  the  pioceding. 

1 “ Fishes  of  India,”  pp.  458-463  (1878). 

2 There  are  two  species  belonging  to  section  I (p.  252)  in  which  the  teeth  are  granular,  hut  as  they  are  both  American 
it  is  improbable  that  the  fossil  can  be  related  to  them. 

3 ‘ Rec.  Geol.  Surv.  Ind.”  vol.  XIV.  p.  240  (1881). 
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A-Qinities:- — If,  as  seems  very  probably  the  case,  the  foregoing  specimens  belong 
to  the  present  genus,  they  apparently  indicate  a large  species  belonging  to  the  same 
group  as  the  existing  A.  gagora}  of  the  Granges,  but  they  are  insufficient  for  indi- 
cating specific  affinities. 

Geoup.  C.  BAGARIINA. 

Characters. — Anterior  and  posterior  nostrils  approximated. 

Genus.  BAGARIUS,  Bleeker.^ 

Characters. — Upper  jaw  longer  that  the  lower;  teeth  in  the  jaws  cardiform, 
unequal  in  size ; palate  edentulous.  Head  naked  above ; median  bones  of  the 
middle  part  of  the  cranium  covered  with  a coarse  rugose  sculpture. 

Distribution. — At  the  present  day  the  genus  is  represented  only  by  B.  yarrelli, 
of  India  and  Java ; but  a second  species  has  been  described  by  Dr.  Gunther®  from 
the  tertiaries  of  Padang,  in  Sumatra,  under  the  name  of  B.  gigas,  on  the  evidence  of 
part  of  the  humeral  arch  and  the  nearly  perfect  pectoral  fin : the  points  in  which  it 
differs  from  B.  yarrelli  are  not  very  clearly  indicated. 

Species.  Bagaeius  yaeeelli  (Sykes^). 

Syn.  Pimelodus  hagarius^  Buch.  Hamilton.® 

Bagrus  yarrelli.,  Sykes.® 

Bagarius  hagarius,  Gunther.'^ 

{From  the  Siwaliks.) 

Characters. — Head  depressed,  with  the  snout  produced,  and  the  upper  jaw  pro- 
jecting; eyes  small.  The  band  of  teeth  in  the  upper  jaw  narrowest  in  the  middle. 

Skull. — The  specimen  represented  of  one-half  the  natural  size  in  plate  XXXVI. 
fig.  1 was  obtained  by  the  late  Col.  Colvin  from  the  Siwaliks  of  Nahan,  and  was 
first  described  by  Cantor®  as  the  skull  of  a gigantic  batrachian,  but  its  real  nature 
was  subsequently  determined  by  M’Clelland,®  who  showed  that  it  belonged  to  a 
siluroid  fish,  and  probably  to  Pimelodus  (in  the  sense  in  which  that  generic  term  was 
then  employed).  It  was  referred  at  a later  date  to  Bagarius  yarrelli  by  the  present 
writer.^® 

The  specimen  comprises  the  anterior  portion  of  the  skull  as  far  back  as  the 
orbit,  (the  left  orbit  being  restored  in  outline  from  a recent  skull),  and  shows  the 
ethmoid  {eth.),  the  greater  portion  of  the  f rentals  (/r.)  with  the  intervening  vacuity 
{h\  the  turbinals  {tu.'),  the  anterior  and  posterior  nares  {na,  no),  and  the  articular 
surface  for  the  barbel  {e).  The  premaxilla,  with  its  band  of  pointed  teeth,  as 

1 Yule  Giinther  “ Catalogue  of  Fishes,”  vol.  V.  p.  168  (1861). 

2 ‘ Verh.  Batav.  Genoot.’  vol.  XXXV.  (Beng.  and  Hind.)  p.  121  (1853). 

3 ‘ Geol.  Mag.’  dec.  2.  vol.  III.  p.  436  (1876).  4 ‘ Trans.  Zool.  Soc.’  vol.  II.  p.  370  (1841) — Bagrus. 

5 ‘ Fishes  of  the  Ganges,”  p.  186  (1822).  6 Op.  cit.  7 “Study  of  Fishes,”  p.  571  (1880). 

8 ‘ Journ.  As.  Soc.  Beng.’  vol.  VI.  p.  538.  pi.  XXXI  (1837). 

9 ‘ Calcutta  Journ.  Nat.  Hist.’  vol.  IV  p.  83.  pi.  IX.  (1844).  10  ‘ Rec.  Geol.  Surv.  Ind.’  vol.  XV.  p.  105  (1882). 
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well  as  the  extremity  o£  the  mandible  are  well  exhibited  on  the  oral  surface.^ 
Compared  with  the  skull  of  a verj^  fine  adult  specimen  of  the  existing  form 
caught  in  the  Hughli  at  Calcutta  in  the  winter  of  1882  and  preserved  in  the 
Indian  Museum,  the  fossil  agrees  in  every  respect,  and  indicates  an  individual  of 
only  slightly  inferior  size.  The  extreme  length  of  the  recent  skull  is  2T4  inches, 
while  the  total  length  of  the  whole  fish  was  but  very  slightly  less  than  seven 
feet. 

Young  slculls. — The  anterior  portion  of  a skull  from  the  Siwalik  Hills  preserved 
in  the  British  Museum  (No.  16402,e.  Cautley  collection)  agrees  precisely  in  form 
with  the  preceding  specimen,  and  indicates  a half-grown  individual.  A second 
specimen  in  the  same  collection  (No.  16403, a)  comprises  the  entire  skull  of  a very 
young  individual.  The  total  length  of  this  specimen  (which  is  in  too  damaged  a 
condition  to  afford  a satisfactory  figure)  is  only  3T  inches. 

Distribution. — The  existing  Bagarius  yarrelli  has  a very  wide  distribution,  being 
found  in  the  larger  rivers  of  both  India  and  Java,  and  descending  to  their  estuaries.^ 
The  occurrence  of  the  species  in  the  pliocene  of  India  may  perhaps  help  to  account 
for  this  distribution,  as  it  has  been  considered  probable  that  Java  and  the  adjacent 
islands  have  been  at  one  time  connected  with  the  Asiatic  continent.*^ 

Generically  Undetermined  Specimens. 

Fin-spine. — The  fragment  of  a spine  probably  belonging  to  the  dorsal  fin  of  a 
medium-sized  siluroid  represented  in  plate  XXXVII.  figs.  10,  10a,  was  collected  by 
Mr.  Theobald  in  the  Siwaliks  of  the  Punjab ; and  may  belong  to  one  of  the  species 
described  above. 

Humeral  arch. — A reconsideration  of  the  specimen  described  and  figured  on  page 
206  of  the  present  volume  as  part  of  the  first  costal  scute  of  a species  of  Trionyx  has 
led  the  writer  to  believe  that  it  is  probably  part  of  the  humeral  arch  of  a large  siluroid 
allied  to  the  existing  African  genus  Auchenoglanis  ; the  element  which  the  writer 
considered  as  the  vertebral  articulation  being  really  part  of  the  socket  for  the  spine 
of  the  pectoral  fin.  The  specimen  noticed  on  the  same  page  as  part  of  a nuchal 
scute  may  perhaps  also  belong  to  a siluroid. 

Family  II.  GYPRINODONTIDAE. 

Characters. — Head  and  body  covered  with  scales ; barbels  absent ; teeth  in  both 

jaws. 

Distribution. — The  family  is  represented  at  the  present  day  by  twenty  genera, 
which  are  found  in  the  freshwaters  of  south  Europe,  Africa,  Asia,  and  America. 
The  majority  of  the  species  are  of  very  small  size,  but  one  species  of  the  American 
genus  Anableps  attains  a length  of  twelve  inches,  F ossil  species  apparently  belonging 
to  Cyprinodon  have  been  described  from  the  upper  tertiaries  of  Europe.^ 

1 These  parts  are  shown  in  M’Clelland’s  figure.  2 Day  “ Fishes  of  India,”  p.  495  (1878). 

3 Wallace  “Island  Life,”  p.  359  (1880).  4 Ftcis  Agassiz  “Poissons  Fossiles,”  vol.  V.  pt.  2.  pp.  48-56. — Lcbias. 
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Gtenus.  Non.  det. 


Cyprinodont,  gen.  non  det.  Skull ; from 
the  Siwalik  Hills.  Dublin  Museum 
(No.  C.  92).  The  smaller  figure  shows 
one  of  the  scales  enlarged. 


[From  the  SuvaUks). 

History. — The  single  specimen  forming  the  subject  of  the  present  notice  is 
preserved  in  the  Museum  of  Science  and  Art,  Dublin ; and  was  collected  in  the 
Siwaliks  by  Grenerals  Sir  W.  E.  Baker  and  Sir  H.  M.  Durand.^ 

Skull. — The  above-mentioned  specimen,  which  is  figured  of  the  natural  size  in 

the  accompanying  woodcut,  comprises  the  nearly 
entire  skull.  Both  nostrils  and  the  greater  part  of 
the  right  orbit  are  clearly  shown  ; while  the  oper- 
cular bones  of  the  same  side  are  but  little  injured. 
Teeth  (though  not  visible  in  the  figure)  are  present 
in  both*  jaws,  and  appear  to  be  arranged  in  a single 
series  : they  are  all  more  or  less  broken,  but  those 
of  the  lower  jaw  appear  to  have  been  incisor-like. 
The  nostrils  are  subterminal,  the  cleft  of  the  mouth 
is  small,  the  mandible  short,  the  snout  short  and 
vaulted,  and  the  scales  rather  large.  It  cannot  be 
determined  whether  the  mandibular  rami  were 
anchylosed.  The  scales  show  a radiate  sculpture ; 
and  the  specimen  indicates  a fish  of  from  eight  to 
ten  inches  in  length. 

Affinities. — The  size  and  form  of  the  operculars  seem  to  indicate  that  the 
specimen  belongs  to  a fish  allied  to  the  carps ; and  the  presence  of  scales  on  the 
head  differentiates  it  from  the  Gyprinidce^  Gharaciniidce,  and  Heteropyfjiidce.  In  this 
respect,  as  well  as  in  the  presence  of  teeth  in  the  jaws,  it  agrees  with  the  Cyprion- 
dontidce.,  to  which  it  may  be  provisionally  referred.  The  very  small  size  of  all  the 
existing  species  of  Gyprinodon  renders  it  improbable  that  the  fossil  belongs  to  that 
genus ; and  the  vaulting  of  the  snout  distinguishes  it  from  the  living  Indian  genus 
Haplochilus.  Beyond  this  its  imperfect  nature  renders  it  inexpedient  to  go,  but  the 
specimen  is  interesting  as  indicating  a Siwalik  fish  apparently  different  from  any 
existing  Indian  species. 

Order  III.  PLECTOONATHI. 

Family.  DIODONTID^.'^ 

( 'liaracters. — Bones  of  the  upper  and  lower  jaws  confluent,  forming  a trenchant 
edentulous  beak,  with  or  without  median  suture. 

Gtenus.  DIODON,  Linn.® 

Gharacters. — Jaws  without  median  suture  ; a compound  palatal  dental  plate. 

Distribution. — The  genus  is  represented  at  the  present  day  by  a large  number  of 

1 Vide  ‘ Trans.  R.  Dublin  Soc.’  ser.  2.  vol.  III.  p.  70  (1884). 

2 The  name  Gymnodontes  or  Gymnodontidce  is  usually  applied  to  this  family,  hut  as  it  is  not  taken  from  a generic  name  it 

is  inapplicable.  3 “ Syst.  Nat.”  ed.  12.  vol.  I.  p.  412  (1766). 
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species,  wliich  inhabit  the  warmer  seas.  Numerous  fossil  species  have  been  indicated 
from  the  lower  and  middle  tertiaries,  of  which  the  following  are  the  most  important. 
D.  tetmispinus,  Ag,^  from  the  eocene  of  Monte  Bulca,  is  of  comparatively  small 
dimensions ; B.  erinaceus,  Ag,^  is  founded  on  specimens  now  in  the  British  Museum, 
and  is  of  exceedingly  small  size ; D.  scillce,  Ag,®  from  the  tertiaries  of  South  Italy  and 
Malta  is  of  considerably  larger  size,  and  has  the  edges  of  the  dental  lamellae 
crenulated^ ; some  of  the  type  teeth  of  this  species  are  in  the  British  Museum,  and 
the  specimens  from  the  miocene  of  Malta  noticed  by  Leith-Adams®  are  also  in  the 
same  collection,  and  appear  specifically  identical.  Another  species  has  been  recorded 
by  Prof.  Leidy  from  the  tertiary  of  N.  America  as  D.  vetus^^  but  is  insufficiently 
^described. 

Species.  Diodon  foleyi,  nobis? 

(From  the  eocene  of  Bamri  Island. J 

History. — The  type  specimen  has  been  already  described  by  the  present  writer 
in  the  passage  cited. 

Dental  plate. — The  worn  dental  plate  on  which  this  species  is  founded  is 
represented  in  plate  XXXV.  figs.  10,  10a;  it  was  obtained  many  years  ago  by 
Captain  Foley  from  beds  which  are  probably  of  eocene  age  in  Rdmri  Island,  off  the 
Arakan  coast.  The  structure  of  the  specimen  indicates  without  doubt  its  generic 
position ; it  is  of  large  size,  and  characterized  by  the  crenulation  of  the  external 
borders  of  the  component  lamellse,  and  the  concavity  of  the  worn  surface. 

Affinities. — Compared  with  the  dental  plate  in  a skeleton  of  D.  hystrix  in  the 
British  Museum  measuring  about  twenty  inches  in  length,  the  fossil  indicates  a 
considerably  larger  individual,  and  is  distinguished  by  the  concavity  of  its  wear. 
The  geological  age  of  the  specimen  leaves  little  doubt  as  to  its  distinctness  from  all 
living  species.  D.  erinaceus  and  D.  tenuispinus  are  far  inferior  in  size  to  the  present 
form,  and  the  writer  cannot  identif)^  the  latter  with  D.  scillce : it  cannot  be  compared 
with  D.  vetus,  owing  to  the  absence  of  a figure. 

Although  it  cannot  be  certainly  affirmed  that  the  present  specimen  is  specifically 
distinct  from  all  other  forms  (if  indeed  the  dental  plate  alone  affords  sufficient 
grounds  for  specific  distinctions),  yet  such  is  probably  the  case,  and  the  provisional 
name  of  D.  foleyi  may  accordingly  be  retained. 


I “ Poissons  Possiles,”  vol.  II.  p.  275.  2 £oc.  cit.  3 Zoo.  cit. 

4 Vide  Pictet  “ Traite  de  Paleontologie,”  2nd  ed.  vol.  II.  p.  123  (1854), 

5 Vide  Leith- Adams  ‘ Quart.  Journ.  Geol.  Soc.’  vol.  XXXV.  p.  529  (1879). 

6 ‘ Proc.  Ac.  Nat  Sci.  Philad.’  vol.  VII.  p.  397  (1855— vol.  dated  1856). 

<■  ‘ liec.  Geol.  Surv.  Ind.’  vol.  XIII.  p,  GO  (1880). 
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pondicherianus.  213. 
porosus,  213. 
siamensis,  213. 
sivalensis,  213. 
tenuirostris,  220. 
toliapicus,  212. 
Cuchoa,  179. 

flaviventris,  182. 
Cynocepbalus,  123. 
sp.,  123. 

subhimalayanus,  123. 
Oyprinodon,  255. 


Capra,  127. 

perimensis,  127. 
sivalensis,  127. 
sp.,  127. 

Carcliarias,  212. 
gangeticus,  242. 
glaucus,  242. 
sp.,  242. 

Carcliarodon,  243. 
megalodus,  243. 
rondeletii,  243. 
sp.,  243. 
sulcidens,  213. 

Cautleya,  I66. 

annuliger,  166. 

Cephalogale,  xxii. 

Oervus,  119,  129. 
aristotelis,  xii. 
latidens.  111,  127. 
porcinus,  xii. 
simplicidens,  119,  129. 
sivalensis,  121,  129. 
sp.,  129. 

triplidens,  120,  129. 

Ohsenohyus,  94. 

Chalicotherium,  132. 

sivalense,  132. 

OMtra,  207. 
indica,  207. 

Choeromeryx,  xiii.,  129. 
silistrensis,  129. 

OhoGromorus,  xxiii.,  91. 
mammillatus,  93. 
simplex,  xxiii.,  93. 

Ohoeropotaraus. 
meissneri,  92. 
steinheimensis,  52. 

Ohoeropsis. 

liberiensis,  37. 

Ohoerotherium,  91. 
dupuii,  93. 
sansaniensis,  93. 

Ohoetomys,  108. 

Ohrysicbthys,  249. 
theobaldi,  249. 

Olarias,  247. 
assamensis,  248. 
falconeri,  247. 
gariepinus,  248. 
jugur,  248. 
magur,  248. 
teysmanni,  248. 


Daraa,  119. 

Damonia,  170. 

Dicotyles,  94. 

Diodon,  256. 
erinaceus,  257. 
foleyi,  257. 
hystrix,  257. 
scillse,  257. 
tenuispinus,  257. 
vetus,  257. 

Dinotherium,  34,  133. 
indicum,  34,  133. 
pentapotamiae,  34,  133. 

I sindiense,  34,  133. 


Diplocynodon,  211. 
Dorcatherium,  129. 
majus,  129. 
minus,  129. 

Dromseus,  xxiv.,  145. 
novae -hollandise,  145. 
sivalensis,  xxiv.,  145. 

Elaphurus,  119. 
Elephas,  132. 

bombifrons,  xxi.,  133. 
clifti,  xxi.,  133. 
ganesa,  133. 
hysudricus,  133. 
insignis,  xxi.,  133. 
namadicus,  132. 
planifrons,  133. 
Elothermm,  xiii. 
Emyda,  196. 

ceylonensis,  197. 
granosa,  197. 
lineata,  199. 
palaeindica,  201. 
scutata,  197. 
sivalensis,  199. 
vittata,  197. 

Emys,  182. 

namadica.  182. 
Enhydriodon,  125. 

sivalensis,  125. 
Entelodon,  xiii. 
Equus,  131. 

arcidens,  xxiii. 
devillei,  xxiii. 
micrognathus,  xxiii. 
namadicus,  131. 
palaeonus,  131. 
piscenensis,  xxiii. 
principalis,  xxiii. 
sivalensis,  131. 
Eretbizon,  108. 
Euelepbas,  132. 

Pebs,  123. 
brachygnathus,  124. 
brevirostris,  xxii. 
cristata,  124. 
grandicristata,  124. 
sp.,  124. 

subhimalayana,  124. 


G-avialis,  xxiv. 
G-avialosuchus,  212. 

eggenburgensis,  212. 

Gazella,  127. 

porrecticornis,  128. 
Geoclemmys,  170. 
Q-eoemyda,  195. 
G-harialis,  xxiv,  210,  219. 
crassidens,  230. 
curvirostris,  224. 
dixoni,  220. 
gangeticus,  220. 
hysudricus,  222. 
leptodus,  226. 
macrorhynchus,  211,  220. 
pachyrhynchus,  227. 
Gharialosuchus,  212. 

eggenburgensis,  212. 

Giraffa,  128. 
sivalensis,  128. 

HaplocMlus,  256. 
Helladotliermm,  128. 
duvernoyi,  128. 

Hemibos,  xi,  127. 

acuticornis,  127. 

. antilopinus,  127. 
occipitalis,  127.. 
triquetricornis,  127. 
Hemimeryx,  xii,  129. 

blanfordi,  129. 
Heterobranchus,  ,248. 
dorsalis,  248. 
intermedins,  248. 
isopterus,  248. 
longifilis,  248. 
palaeindicus,  248. 
tapeinopterus,  248. 
Hexaprotodon,  131. 
iravaticus,  42. 
namadicus,  43. 
sivalensis,  37. 
Hipparion,  xiii,  131. 
antilopinus,  xiv,  132. 
richthofeni,  xxi. 
sp.,  132. 
theobaldi,  132. 
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Hippohyus,  85,  130. 
sivalensis,  85,  130. 

Hippopotamus,  36,  13 1. 
abyssinicus,  37. 
amphibius,  37. 
annectans,  37. 
capensis,  37. 
dissimilis,  129. 
hipponensis,  37. 
iravaticus,  42,  131. 
liberiensis,  37. 
major,  37. 
minutus,  37. 
namadicus,  4 3,  131. 
palseindicus,  43,  131. 
pentlandi,  xxiii,  37. 
senegalensis,  37. 
sivalensis,  37,  131. 

Hippotherium,  11,  I3i. 

I antilopinum,  11,  132, 
j sp.,  14,  132. 
j theobaldi,  132. 

Hippotragus,  xi. 

i sivalensis,  xi. 

Holops,  211. 

I obscurus,  211. 

Hyoena,  124. 
colvini,  124. 
felina,  xxi,  124. 
macrostoma,  124. 

' sinensis,  xxi. 
sivalensis,  124. 
sp.,  124. 

Hysenarctos,  125. 

palaeindicus,  125. 
punjabiensis,  125. 
sivalensis,  125. 
sp.,  xxi. 

Hy^nodon. 

sivalensis,  125. 

I Hydaspitherium,  128. 

grande,  128. 
megacephalum,  128. 

Hyomoschus,  129. 
Hyopotamus,  130. 
giganteus,  130. 
gresslyi,  xxii. 
palaeindicus,  130. 


Hyotherium,  91,  130. 
majus,  xxiii,  95. 
medium,  92. 
meissneri,  xxiii,  92. 
minimum,  92. 
platyops,  93. 
simplex,  xxiii. 
sindiense,  95,  130. 
soemmeringi,  xxiii,  93. 
sp.,  97,  130. 
subaequans,  93. 
suillum,  xxiii,  93. 
i typum,  xxiii,  93. 

j waterhousei,  94. 

I Hystrix,  108,^  126. 

cristata,  108. 
hirsutirostris,  108. 
lamandini,  108. 
primigenia,  109. 
refossa,  109. 
sivalensis,  109,  126. 
venusta,  108. 

Ictitberium,  124. 
sivalensis,  124. 

Jacare,  210. 

I 

Lacerta,  220. 

gangetica,  220. 

! Lebias,  255. 
Lepthysena,  124. 

sivalensis,  124. 
Leptobos,  127. 
j falconeri,  127. 
i fraseri,  127. 

I Leptoptilus,  138. 
argala,  139. 
arvernensis,  139. 
crumeniferus,  139. 
j falconeri,  139. 

i javanicus,  139. 

Leptorbynchus,  219. 
i difti,  220. 

crassidens,  230. 

I gangeticus,  220. 

1 leptodus,  226. 

] Lepus,  126. 
j sp.,  xi,  126. 
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Listriodon,  lOO,  131. 
pentapotamise,  101,  131. 
splendens,  100. 
theobaldi,  102,  13!. 

LopMoctLoerus,  100. 

Loxodon,  133. 

Lutra,  125, 
bathygnathus,  125. 
palseindica,  125. 
sivalensis,  125. 

Macacus,  123. 
sivalensis,  123. 

Macheerodus,  123. 
palaeindicus,  123. 
sivalensis,  123. 

Macrones,  250. 
aor,  250. 
lamarii,  250. 
seenghala,  250. 

Manis,  133. 
sindiensis,  133. 

Mastodon,  17,  133. 
americanus,  xxii. 
andium,  xxii. 
angustidens,  xix,  19,  133. 
campester,  17. 
cautleyi,  xiv. 
cordillerum,  xxii. 
elephantoides,  133. 
falconeri,  xix,  32,  133. 
latidens,  xvi. 
maximus,  xxii. 

pandionis,  xix,  xxi,  29,  139,  149. 
perimensis,  xvii,  xxi,  133,  150. 
proavus,  17. 
sivalensis,  133. 

Mecistops,  210. 

Megaceros,  11 9. 

Megalochelys,  157. 
sivalensis,  157. 

Megaloscelornis,  143. 

sivalensis,  143. 

Melanochelys,  170. 

Melitosanrns,  211. 

Mellivora,i25. 
punjabiensis,  125. 
sivalensis,  125. 

Mellivorodon,  125. 

pal?eindicus,  125. 


Mergus,  142. 
sp.,  142. 

Merycopotamus,  129.. 
dissimilis,  xii,  129. 
nanus, ’xii. 
pusillus,  xii. 

Morenia,  xxiv. 
Moschns,  ll><,  129. 
sp.,  118,  129. 

Mus,  126. 
sp.,  126. 

Mustela,  125. 

flavigula,  xi. 
sp.,  xi,  125. 
Myliobatis,  243. 
contractus,  244. 
curvipalatus,  244. 
dixoni,  244. 
edwardsi,  244. 
elegans,  244. 
goniopleurus,  244. 
gyratus,  244. 
heteropleurus,  244. 
irregularis,  244. 
ligusticus,  2)4. 
micropleurus,  244. 
nitidus,  244. 

ombonii,  244. 

i 

punctatus,  244. 

i 

I salentinus,  244. 

I stokesi,  244. 

striatus,  244. 

I toliapicus,  244.' 

Nesokia,  xi. 
hardwickei,  xi. 
sp.,  xi. 

i Ophioceplialus,  246. 

I striatus,  246. 

I sp.,  a,  246. 

! „ b,  246. 

Oreas,  111,  127. 

latidens.  111,  127. 
Osterophea,  138. 

Palseochoerus,  91. 
major,  9 ). 
platyops,  93. 
subaequans,  93. 
suillus,  93. 
typus,  93. 
waterhousei,  94. 


Palseomeryx,  xii. 
PalseopMs,  237. 
Palseopithecus,  123. 
j sivalensis,  123. 

Palseopyttion,  xxiv. 
j cadurcensis,  xxiv. 
i filholi,  xxiv. 

I Palseoryx,  11 4,  127. 
j sp.,  114,  127. 
Palaeovaranus,  236. 
cayluxi,  236. 
i Pangshura,  181. 

flaviventris,  182. 
sp.,  184. 
sylhetensis,  182. 
tectum,  182. 
tentoria,  182. 

I Panolia,  11 9. 

I Pelecanus,  136. 
cautleyi,  136. 
gracilis,  136. 
intermedius,  136. 
miocasnus,  136. 
sivalensis,  136. 

1 Peraceras,  xiv,  xxiii. 

' Peribos,  127. 

! occipitalis,  127. 
Phalacrocorax,  138. 
sp.,  138. 

Pimelodus,  250,  254. 
aor,  250. 
bagarius,  254. 

Plerodon,  211. 

Porcnla,  49. 

Portax,  114,  127. 
namadicus,  114,  127. 

I Potamochoerns,  49. 

^ Probubalus,  127. 

I antilopinus,  127. 
i triquetricornis,  127. 

Propalseomeryx,  xii,  128 
[ sivalensis,  128. 

PseudsGlnrus,  124. 

sivalensis,  124. 
Psendotropius,  247. 
Psrthon,  236. 

cadurcensis,  .xxiv,  237. 
molurus,  237. 
reticulatus,  237. 

I 

j Rhampliosuclius,  229. 
crassidens,  230. 
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Rhinoceros,  xiv,  132. 
antiquitatis,  xxii. 
blanfordi,  xxi,  xxii. 
cimogorrhensis,  xxiii. 
deccanensis,  132 
indicus,  132. 
iravadicus,  132. 
kirkbergensis,  xxii. 
leptorhinus,  xxii. 
lunelensis,  xxiii. 
megarhinus,  xxiii,  8. 
mercki,  xxiii. 
namadicus,  132. 
palaeindicus,  4,  132. 
perimensis,  132. 
planidens,  132. 
platyrhinus,  132. 
simorhensis,  xxiii. 
sinensis,  xxi,  xxii. 
sivalensis,  xxii,  132. 
sumatrensis,  106. 
tichorhinus,  xxii. 
unicornis,  132. 
Rhizomys,  106,  126. 

badius,  106. 
erythrogenys,  106. 
minor,  106. 
pruinosus,  106. 
sinensis,  106. 
sivalensis,  106,  126. 
Rhynchobatus,  245. 
Rita,  251. 

crucigera,  251, 
grandiscutata,  251. 
sacerdotum,  251. 

Rucervus,  119. 

Rnsa,  119. 

Sanitherinm,  91,  130. 

schlagintweiti,  91,  130. 
Semnopithecus,  123. 
palaeindicus,  123. 

Siphneus,  105. 

arvicolinus,  105. 
Sivalhippus,  132. 
theobaldi,  132. 

Sivameryx,  xiii,  129. 

sindiensis,  130. 
Sivatherium,  128. 
giganteum,  128. 


I Stegodon,  133. 

I orientalis,  133. 
sinensis,  133. 
Strepsiceros,  xi. 
falconeri,  xi. 

Struthio,  xxiv,  143. 
asiaticus,  xxiv,  143. 
camelus,  xxiv,  143. 
inolybdophanes,  143. 
palaeindicus,  143. 
j SUS,  49,  130. 
j africanus,  50. 

! andamanensis,  50. 
antediluvianus,  93. 
antiquus,  51. 
arvernensis,  51. 
barbatus,  50. 
belsiacus,  51. 
i celebensis,  50. 

I choeroides,  xxiii,  51. 

choerotherium,  51,  93. 
cristatus,  50. 
doati,  51. 
erymanthius,  51. 
falconeri,  66,  131. 
giganteus,  xxi,  52,  66,  130. 
hysudricus,  77,  131. 
leptodon,  92. 
leucomystax,  50. 
lockharti,  51. 
longirostris,  xxiii. 
major,  51. 
meissneri,  92. 
palaeochoerus,  51. 
papuensis,  50. 
phacochoeroides,  xxiii. 
porcus,  50. 
provincialis,  52. 
punjabiensis,  82,  131. 
pusillus,  91,  130. 
salvanius,  50. 
simorrensis,  51. 
sivalensis,  66,  85. 
soemmeringi,  93. 
sp.,  a,  131 . 
sp.,  b,  xiii. 

steinheimensis,  xxiii,  52. 
strozzi,  52. 
timorensis,  50. 
titan,  59,  131. 
valentini,  52. 
verrucosus,  50. 
vittatus,  50. 


Synetheres,  108. 

Tapinodon,  130. 

Tapirotherium,  lOO. 

Tapirus,  loi. 

pentapotamiae,  101,  131. 

Tetraconodon,  xii,  99,  130. 
magnus,  99,  130. 

Tetraprotodon,  131. 
amphibius,  37, 
liberiensis,  37. 
major,  37. 
minutus,  37. 
palaeindicus,  43. 
pentlandi,  37. 

Thecachampsa,  211. 

Thinohyus,  94. 

Thoracosaurus,  211. 

Tomistoma,  210.  ' 
champsoides,  212. 
eggenburgense. 
gaudense,  212. 
schlegeli,  212. 

Tragulus,  117,  129. 
javanicus,  117. 
kanchil,  117. 
meminna,  117. 
napu,  117. 
sivalensis,  117,  129. 
stanleyanus,  117. 

Triopyx,  202. 

ephippium,  203. 

I gangeticus,  203,  204. 
guentheri,  203. 
indicus,  207. 
ocellatus,  203. 

Ornatus,  203. 
peguensis,  203. 
phayrei,  203. 
sewaare,  203. 
sp.,  xxiv,  205,  255. 
stellatus,  203. 
subplanus,  203. 

Typhlodon,  106,  126. 

Ursitaxus,  125. 
sivalensis,  125. 

Ursus,  125. 
namadicus,  125. 
sivalensis,  125. 
theobaldi,  125. 
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Varanus,  235. 
giganteus,  235. 
margaritiferus,  236. 
Salvator,  235. 


Varanus  (cont.) 
sivalensis,  236. 

Vishnutherium,  128. 

iravadicum,  128. 


Viverra,  124. 
bakeri,  124. 
durandi,  124. 
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PLATE  1. 

Perissodactyla  — Bhinoceroticlw. 

Fig.  1.  Aceratherium  blanfordi,  var.  maju.s,  Lyd.  Part  of  left  maxilla,  containing  the  three  true 
molars,  in  a well-worn  condition  ; from  the  lower  Siwaliks  of  Dera  Bugti : Indian 
Museum  (No.  C.  268). 

,,  2.  Aceratherium  blanfordi,  var.  majus,  Lyd.  Second  left  upper  true  molar,  somewhat  less 

worn  than  the  corresponding  tooth  of  the  last  specimen  ; from  the  lower  Siwaliks  of 
Gandoi,  Bugti  Hills  : Indian  Museum  (No.  C.  259). 

,,  3.  Rhinoceros  sivalensis,  Falc.  and  Caut.,  var.  intermedius,  Lyd.  Right  upper  true  molar, 

slightly  worn;  from  the  lower  Siwaliks  of  Sind:  Indian  IMuseum  (No.  C.  34).  {Vol. 

,,  4.  Rhinoceros  sivalensis,  Falc.  and  Caut.,  var.  gajensis,  Lyd.  First  or  second  right  upper  true 

molar,  partly  broken ; from  the  Gaj  group  of  Sind : Indian  Museum  (No.  C.  36). 
{Vol.  IL, 

,,  5.  Aceratheriu.m  ferimense,  Falc.  and  Caut.  Second  left  upper  true  molar,  well  worn  ; from 

- the  Siwaliks  of  Burma  : Indian  Museum  (No.  C.  74).  ( Vol.  1.,  pi.  y.,Jig.  1 . i?.  iravadiciis .') 

,,  6.  Aceratherium  blanfordi,  Lyd.  First  and  second  right  upper  milk-molars,  from  the  lower 

Siwaliks  of  Gandoi  : Indian  Museum  (No.  C.  260). 

,,  7.  Rhinoceros  sivalensis,  Falc.  and  Caut.  (type  form).  Second  left  upper  true  molar,  from 

the  Siwaliks  of  the  Punjab:  Indian  iMuseum  (No.  C.  23).  {Vol.  \.,pl.  \.,fig.  5.) 


All  the  figures  natural  size,  a,  anterior  collis  : (5,  posterior  collis:  c,  second  costa:  d,  first  costa: 
e,  crochet : f,  ante-crochet : g,  entrance  of  median  valley : i,  posterior  valley. 
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PLATE  IL 

Perissodactyla  — llhinocerotidce. 


Fig.  1.  Aceratheriuji  blanfordi,  Lyd.  Last  right  upper  milk-molar  (.?)  in  germ  ; Indian  Museum 
(No.  C.  258). 

,,  2.  Aceratherium  blanfordi,  Lyd.  Third  right  upper  true  molar,  very  much  worn : Indian 

Museum  (No.  C.  262). 

,,  3.  Aceratherium  blanfordi,  Lyd.  Part  of  right  ramus  of  mandible  of  a calf,  containing 

one  milk-molar:  Indian  Museum  (No.  C.  267). 

,,  4.  Aceratherium  blanfordi,  var.  minus,  Lyd.  Left  ma.\illa,  with  the  teeth  in  a medium 

condition  of  wear:  Indian  Museum  (No.  C.  269). 

,,  6.  Aceratherium  blanfordi,  var.  minus,  Lyd.  Part  of  left  ramus  of  mandible,  belonging  to 

the  same  individual  as  the  last : Indian  Museum  (No.  C.  270). 


* All  the  specimens  were  obtained  from  the  lower  Siwaliks  of  Gandoi,  Bugti  Hills;  and  are  figured 
of  the  natural  size.  Lettering  of  upper  teeth  the  same  as  in  plate  1.  In  lig.  3,  a,  anterior  extremity  of 
first  crescent : b,  posterior  extremity  of  same : c,  posterior  extremity  of  second  crescent. 


Greol.  Survey  of  India. 
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PLATE  III. 

Pekissodactyla  — Equidce. 
Hippotherium  antilopinum,  Falc.  and  Cant. 


Figs.  1,  2.  Cranium,  from  Perim  Island,  Gulf  of  Cambay;  in  the  possession  of  Mr.  Theodore  Cooke, 
of  Poona.  1 from  the  left  lateral,  2 from  the  palatal  aspect. 


3.  The  cheek-teeth  of  the  left  side  of  the  same  specimen. 

4.  Polished  section  of  a tooth  of  the  cheek-series  of  the  right  side  ; from  the  Punjab. 


Figs.  1,  2,  one-half  natural  size  : the  others  natural  size : the  specific  determination  of  fig.  4 is 
provisional.  In  fig.  1,  a,  anterior  maxillary  cavity:  b,  posterior  ditto:  na,  nasal:  la,  lachrymal:  fr. 
frontal : ma,  malar.  In  figs.  3,  4,  e,  anterior  pillar : f,  posterior  ditto : g,  lamina  connecting  first 
crescents:  h,  lamina  connecting  second  ditto  : i,j,  cement  islets. 
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PLATE  IV. 

Proboscidia  — Eleiohantidce. 

Mastodon  angustidens,  Cuv.,  var.  pal^indicus,  Lyd. 

Fig.  1.  Second  left  upper  true  molar,  in  a much  worn  condition  : Indian  Museum  (No.  A.  427). 

,,  2.  Second  left  upper  true  molar,  in  a less  worn  condition  than  the  last  specimen : Indian 

Museum  (No.  A.  425). 

„ 3.  Third  right  lower  true  molar,  associated  with  the  last  specimen,  in  a medium  stage  of  wear : 

Indian  Museum  (No.  A.  426). 

,,  4.  (.?)  Fourth  left  lower  premolar,  scarcely  worn  : Indian  Museum  (No.  A.  431). 

,,  5.  Fourth  left  lower  milk-molar,  in  a medium  stage  of  wear  : Indian  Museum  (No.  A.  422). 

,,  6.  (.?)  Fourth  left  lower  premolar,  in  a medium  stage  of  wear  : Indian  Museum  (No.  A.  430). 

„ 7.  Second  left  lower  true  molar,  in  a very  early  stage  of  wear  ; Indian  Mnseum  (No.  A.  423.) 

,,  8.  First  left  lower  lower  true  molar,  in  a medium  stage  of  wear:  Indian  Museum  (No.  A.  421). 


The  specific  reference  of  figs.  4 and  6 is  open  to  a considerable  amount  of  doubt — Fig.  7 was 
obtained  from  the  lower  Siwaliks  of  Gandoi,  Bugti  Hills  ; all  the  others  came  from  the  same  deposits  of 
Dera  Bugti.  All  the  figures  are  of  the  natural  size  ; the  upper  teeth  being  viewed  from  the  inner,  and  the 
lower  from  the  outer  side  of  the  grinding  surface ; a,  larger  accessory  column  (posterior  in  lower,  and 
anterior  in  upper  teeth) ; b,  smaller  do.  (anterior  in  lower,  and  posterior  in  upper  teeth)  ; ta,  hind  talon  ; 
iu,  tubercle  at  extremities  of  transverse  valleys  (outer  in  lower,  and  inner  in  upper  teeth). 
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PLATE  V. 

Proboscidia  — Elephantidce. 


Figs.  1,  la. 

Mastodon  pandionis,  Falc.  First  left  lower  true  molar,  in  an  unworn  condition : 
Indian  Museum  (No.  A.  424)  ; 1 from  the  grinding  surface,  la  from  the  outer  side. 

,,  2,  2a. 

(?)  Mastodon  angustidens,  Cuv.,  var.  pal^indicus,  Lyd.  Germ  of  fourth  right  upper 
premolar  : Indian  Museum  (No.  A.  429) : 2 from  the  grinding  surface,  2a  from  the 
outer  side. 

„ 3. 

Mastodon  angustidens,  Cuv.,  var.  pal^eindicus,  Lyd.  Outer  aspect  of  specimen 
represented  in  plate  IV.,  fig,  7. 

,,  4,  4a. 

(.?)  Mastodon  angustidens,  Cuv.,  var.  pal.t;indicus,  Lyd.  Third  right  upper  premolar, 
in  germ  : Indian  Museum  (No.  A.  428) : 4 from  the  grinding  surface,  4a  from  the 
outer  side. 

„ 5. 

Mastodon  pandionis,  Falc.  First  left  upper  true  molar,  in  a very  early  stage  of 
wear:  British  Museum  (No.  40,818). 

,,  6,  6a. 

(?)  Mastodon  pandionis,  Falc.  Fourth  right  upper  premolar,  in  an  early  stage  of  wear: 
Indian  Museum  (No.  A.  433)  : 6 from  the  grinding  surface,  6a  from  the  outer  side. 

„ 7. 

Mastodon  angustidens,  Cuv.,  var.  pal^eindicus,  Lyd.  Part  of  first  right  lower  true 
molar,  in  a w'ell-worn  condition  : Indian  Museum  (No.  A.  417). 

* Fig.  3 is  from  Gandoi,  Bugti  Hills  : fig.  5 is  stated  to  be  from  the  Deccan,  but  is  more  probably 
from  Sind  ; all  the  others  are  from  Dera  Bugti.  All  the  figures  are  of  the  natural  size : and  the  teeth, 
which  are  viewed  from  the  grinding  surface,  are  placed  in  the  same  position  as  in  the  preceding  plate. 
The  lettering  of  all  the  figures,  except  fig.  2,  is  the  same  as  in  the  latter ; the  lettering  of  fig.  2 is 
explained  in  the  text. 
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PLATE  VI. 


Artiodactyla  — tliiiimpotamidcc. 

Hippopotamus  sivalensis,  Falc.  and  Caut.  Greater  part  of  the  left  ramus  of  the  mandible  of 
a small  variety,  with  the  teeth  in  a middle  condition  of  wear  ; from  the  Siwaliks  of  the 
Punjab  : Indian  IMuseum  (No.  B.  395). 

Hippopotamus  pal^eindicus,  Falc.  and  Caut.  Symphysial  e.xtremity  of  the  mandible,  with 
the  crowns  of  the  teeth  broken  off ; from  the  Narbadas  : Indian  Museum  (No.  F.  149). 


Both  figures  f nat.  size. 
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PLATE  VfIL 


Artiodactyla  — Suidce. 

. 1.  Sus  FALCONERi,  Lvd.  Dentition  of  the  right  ramus  of  the  mandible  of  a female,  from  the 

Siwalik  Hills  ; Dublin  Museum  of  Science  and  Art  (No.  C.  27) : the  cheek-teeth  are 

well  worn. 

2.  Sus  FALCONERI,  Lyd.  Fragment  of  the  right  ramus  of  a mandible  from  the  Siwaliks  of  Nahan, 

containing  the  two  last  molars  : m.  2 is  well  worn,  but  mTa  is  almost  untouched  : Indian 
Museum  (No.  B.  16). 

\ 

3.  Sus  TITAN,  Lyd.  Last  right  lower  true  molar,  in  an  early  condition  of  wear,  with  the  anterior 

columns  split ; from  the  Siwaliks  of  the  Potwar  district  of  the  Punjab  : Indian  Museum 

(No.  B.  15). 

4.  Sus  TITAN,  Lyd.  Dentition  of  the  greater  portion  of  the  right  ramus  of  the  mandible,  from  the 

Siwaliks  of  the  Potwar  district,  containing  the  four  last  cheek-teeth,  the  last  untouched 
by  wear:  Indian  Museum  (No.  B.  4). 

5.  Sus  FALCONERI,  Lyd.  The  upper  true  molars  of  the  right  side  (reversed  from  those  of  the  left), 

from  a palate  specimen  from  the  Siwalik  Hills:  the  last  tooth  untouched  by  wear: 
British  Museum. 

6.  Sus  TITAN,  Lyd.  Last  right  upper  true  molar,  in  an  almost  unworn  condition,  from  the 

Siwaliks  of  Asnot,  Punjab  : Indian  Museum  (No.  B.  19). 

7.  Sus  FALCONERI,  Lyd.  The  right  upper  cheek-dentition  of  the  cranium  of  a female  represented 

in  plate  X.:  all  the  teeth  in  a well-worn  condition. 

8.  Sus  FALCONERI,  Lyd.  Second  and  third  right  upper  true  molars,  the  last  in  an  early  stage  of 

wear,  from  the  Siwalik  Hills  : Indian  Museum  (No.  B.  18). 

9.  Sus  FALCONERI,  Lyd.  Inner  lateral  aspect  of  the  last  molar  of  the  specimen  represented  in 

fig.  2. 

10.  Sus  TITAN,  Lyd.  Inner  lateral  aspect  of  the  last  molar  of  the  specimen  represented  in  fig.  '4. 


All  the  figures  natural  size.  Owing  to  an  inadvertence  the  letters  g.  h in  figure  6 correspond  to 

f g in  figs.  5,  8. 
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„ 11. 
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„ 13. 

„ H. 

„ 15. 

,,  15a. 
„ 16. 

» 17. 


Artiodactyla  — Suidw  and  Listriodontldce. 

Sus  TITAN,  Lyd.  Fragment  of  the  right  ramus  of  the  mandible  of  a male,  with  the  teeth  in 
a middle  stage  of  wear ; from  the  Siwaliks  of  Asnot,  Punjab  : Indian  IMuseum 
(No.  B.  435). 

Sus  HYSUDRICUS,  Falc.  and  Caut.  Hinder  portion  of  the  right  ramus  of  the  mandible,  with 
the  teeth  in  a well-worn  condition ; from  the  Siwaliks  of  Lehri,  Punjab : Indian 
IMuseum  (No.  B.  34). 

Sus  HYSUDRICUS,  Falc.  and  Caut.  The  greater  part  of  the  right  ramus  of  the  mandible, 
with  the  teeth  in  a well-worn  condition  ; from  the  Siwaliks  of  the  Potwar  district, 
Punjab  : Indian  Museum  (No.  B.  30).  3a,  inner  view  of  inTT  of  same. 

Sus,  sp.  Symphysial  extremity  of  the  left  ramus  of  the  mandible,  with  the  teeth  very 
slightly  worn;  from  the  Siwaliks  of  Asnot,  Punjab:  Indian  Museum  (No.  B.  10). 
4a  from  the  outer  aspect. 

Sus  HYSUDRICUS,  Falc.  and  Caut.  Fragment  of  the  right  ramus  of  the  mandible  of  a 
young  individual,  with  the  teeth  in  a middle  stage  of  wear  ; from  the  Siwaliks  of 
Asnot,  Punjab  : Indian  Museum  (No.  B.  50). 

Sus  HYSUDRICUS,  Falc.  and  Caut.  Fragment  of  the  left  ramus  of  the  mandible  of  a 
young  individual,  with  the  teeth  more  worn  than  in  the  last  specimen  ; from  the 
Siwaliks  of  Kushalghar,  Punjab  : Indian  Museum  (No.  B.  436). 

Sanitherium  schlagintaveiti,  jMeyer.  Fragment  of  the  right  ramus  of  the  mandible, 
containing  a part  of  mTs  in  an  early  stage  of  wear;  from  the  Siwaliks  of  Kushalghar : 
Indian  IMuseum  (No.  B.  87). 

Sus  HYSUDRICUS,  Falc.  and  Caut.  Fragment  of  the  right  ramus  of  the  mandible  of  a 
very  young  individual,  with  the  teeth  in  an  unworn  condition  ; from  the  Siwaliks  of 
Jabi,  Punjab  : Indian  Museum  (No.  B.  53). 

Sus  PUNjABiENSis,  Lyd.  Hinder  portion  of  the  left  ramus  of  the  mandible,  wdth  the  teeth 
in  a middle  condition  of  wear ; from  the  Siwaliks  of  Asnot : Indian  Museum 
(No.  B.  61).  9a,  inner  view  of  mTs  of  same. 

Sus  HYSUDRICUS,  Falc.  and  Caut.  Fragment  of  the  right  maxilla,  containing  the  true 
molars  in  an  early  stage  of  wear ; from  the  Siwaliks  of  Asnot : Indian  IMuseum 
(No.  B.  15). 

Sus  HY'SUDRicus,  Falc.  and  Caut.  Part  of  the  left  maxilla,  with  the  teeth  more  worn 
than  in  the  last  specimen  ; from  the  Siwaliks  of  Asnot : Indian  Museum  (No.  B.  46). 

Listriodon  theobaldi,  Lyd.  First  or  second  right  upper  true  molar  (?),  in  an  early  stage 
of  wear ; from  the  Siwaliks  of  the  Punjab  : Indian  Museum  (No.  B.  109). 

Listriodon  pentapotamiai  (Falc.).  The  first  right  upper  true  molar,  in  an  unworn 
condition;  from  the  Siwaliks  of  the  Punjab  : Indian  Museum  (No.  B.  107,  a). 

Listriodon  pentapotami^  (Falc.).  The  first  right  upper  incisor,  in  a Avell-worn  con- 
dition; from  the  Siwaliks  of  Niki,  Punjab:  Indian  Museum  (No.  B.  108,  a). 

Listriodon  PENTAPoTAMiiE  (Falc.)  The  second  left  upper  true  molar,  in  a well-worn 
condition  ; from  the  Siwaliks  of  Niki : Indian  IMuseum  (No.  B.  108). 

Listriodon  pentapotami^  (Falc.).  The  hinder  part  of  the  third  right  upper  true  molar, 
from  the  Siwaliks  of  Kushalghar : Indian  Museum  (No.  B.  107). 

Listriodon  pentapotamiae  (Falc.).  The  third  left  upper  true  molar,  in  a well-worn  con- 
dition ; from  the  Siwaliks  of  Niki : Indian  Museum  (No.  B.  108). 

Listriodon  pentapotami.®;  (Falc.).  The  second  right  upper  true  molar,  in  a slightly  worn 
condition  ; from  the  Siwaliks  of  Kushalghar:  Indian  Museum  (No.  B.  107). 


A//  the 'figures  natural  size:  the  molars  of  Listriodon  are  viewed  from  the  inner  aspect ; all  the  others 

from  the  anterior  aspect. 
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PLATE  IX. 

Artiodactyla  — JStcidce. 

Sus  TITAN,  Lyd.  Cranium  and  mandible  of  a male,  from  the  Siwaliks  of  Niki,  Punjab  ; Indian  IMuseuin 
(No.  B.  26).  nat.  size.  From  the  left  lateral  aspect. 
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PLATE  X. 

Artiodactyla  — Suidce. 

Figs.  1,  2.  Sus  FALCONERi,  Lyd.  Cranium  of  a female,  from  the  Siwalik  Hills:  Science  and  Art 
Museum,  Dublin  (No.  C.  27).  ^ nat.  size.  Fig.  1 from  the  frontal;  fig.  2 from  the 

right  lateral  aspect. 


G.M,Woo(i-wair6L  del  ertK^Jx 


■ i' 


i S'r^ 


a! 


' A 


r 


V ,j 


.V 


W‘ 


r* 


vr 


w 


; • ■'  ,■■,'<> 

'I  y.'" 


I 


l' 


■ " (J5 

, .'S  ' 

a 


B 


'.V 


'^' !)  ‘'i 


• * * . 


- ft 

.'  ' - ■ "'i" 


%> 


h 


.•■’'•'^.ft-tf  .-si  r5w  "■  K»;:i':!«f- 

" " ICV'.,,  f:;,;*’"- V' ■ ■'■ 

1.  :■  '''"' ' " -‘i^ 


■v.  r \ 

I,-  c ' _ • V :»  '•■■  'V  ; 


.'  ♦ 


1,  . 


,»  ■ A',  " 

' ■vvv.,  :• 


. ' H ! 


'.^: 


1, 


V • . •* 


> '■£  i;,.T<yk'*  ^••v,')-'' '"'^j  ..t-  ' 


• » - ,v 


■■.V’ 

' ■ 


-'‘J 


1 


if 

ir  ■■  ,^;  ■ • 


V.-Tf  ■'•■  ■,  'j,  '' w ' V ,■  '->,  . -.  : ••■  , „ ■'  ■,  ■ ■ . 

' :*.  '\,  ■■■  ' ^;V,,  . ...  . 

■ •-'  - I-  . , '■  . ’’  '•  ' .' ’ ' ^^'j','' •'  ' •<  ,V,'-‘V'%'  ■ 

,i;  . ; ',•  • '■•.•’■  ' ..■:''»V;.  • . . . '• 


'•  I 1»>*M 


...  . .;  ' 


■;r| 


'■<  -. 


r ' V-’.  " 


;ir 


'.•p 


. ' ' 

. V 

k 

V ' 


r.' i',  '/.• ' •*  • 

,.:'  »V;.  . .'f  • . . . 

, t V 

' 7.  ■ 'V 


•r.'Ti 


ity  , ' ■> 

M ..  ' ‘"i •'■'•■.  I ^ ■,.».  “ , . ,. 

i *,.  ■;  . ...  . • v-T,  ■'  '■  ' .!•  .’ 

y -.  y,  • ' 


* 


d 


I'.v  ,'  ' ''  ',; 

^ ' ' ' FS 


- ’ • ■•'.'i '■•  .-s*  vv,  ■ 

t .’■  .■'  '■  ■ V '*  ■ - ■ ' ' ' ' ' 


s • 


' "-iV  * 


7 ' J-  '*  ^ ' 

vi  .'  ♦ -‘i  ^ 

■]]'•'  >.'"•,•'  .5 

' ',■■•  • .'r\ 


V 

■ Y ¥ 


4 * ' ' ^ 

) . ' 


m . 


ti  V' 


iti  ■'  ' - 'V  '■"  ' 'i-  I"--'  ' ' ' ^ 

■'  -rif  ■'  ■'  " . , '.  ' ' :•  f . 

■'  ' V ' „ r.  '--  ''  '.'  '■■:  '.  ■ ' ' 

•ii/i;;''''  ■;  ^ '*'v' ■' 

' '■'  •';■  );^X.!'.''. ' ‘■'V.  "L..  ...  I '’  • 

■ i ■ ':  ■ ■ ■■''  • ' ■' . ■ ‘ .,; 


' .'  - - ..  .,  ■ 


■ ( .. 


• i'f. 


'y'-vc, . 


■•.. -.i'  '■ 


■'  ,'i  I' 


, J'. 

'.A'i 


‘ f, 


,.*0 


N^i.v.«w  >.  'V' 


^'.  *• 

•••  f<: 


_ V ' 

. I '■• 


■ 'A 


- > / 


’ ' ^ ^ ■ ri 


•r.  ■ , 


, 'W 

i . • ■ 


'v:\ 

\ 

•••/ 


I 


< 


i » . • 


V . '?p 

••>  '* . y.i 


:‘  \ 


li 

r 


V - V . 


• ♦ 


-•  ■ ':S  ,r 


% 


...V.;;;:  ...  , 


' , V. 

T'-r^  -■  , 


I ,' 


,.'i’  • I 


' ./ 


j . ' .ti  ' 

,.  '*  »,i ... . 

.:.t5  i 

*'•  V 


\ . ■ ■•  '■  f,  • . 

r y 


•Y. 


♦ * ,•;  • 


I y. 


■ ■ v‘,'  ' .’i  , ,,*  ■ 'V  . t'.-  ,, 

■ ''v  •■>-■'  '■•■;•.■'.'■,■  ■■ 

■y.  ' ' ' ' ■' 


f 

*■'  a 


,.«w 

I ■'S'. 


• a.: '■••.;- 

■"li  v.',';  ■' 

'■'  ..  ,V  - ’■*' 

r*' »'■' 

•»  f 'iV  ■ ’,'  U I, 


I . ■•  • •' 


. .'•  ■ ’.'  ' l' 


Br”' 


'.■'■<  At''  ; 

•<  I ■'  ■ ■'■  ■ 1*  r,  V .. 

■ :■.,''  ■ 'A.. 


kim-A 


'.i  ■■ 


f fl.. 


? 


■*■  '■  ji 

^ ;4 


.;  ..4\ 

.i,  i f ■■  . 


• [/(  . '4'  y jt' 


’■  P 


. 


^ «#.' 


Af  \ ' 

i-'l'i'  ■ , 


A 


...  I ~ 

liiiui 


• A. 


•''  ■ 


t >1  > • - , .> 

f*  ;*  .'iwr  •»' 


i‘\  ' , ■', 


•T  ■ 

' 


PLATE  XL 

Artiodactyla  — Siddce. 

Fig.  1.  (?)  Sus  GiGANTEUS,  Falc.  and  Caut.  Mandible,  with  the  teeth  in  a well-worn  condition  ; from 

the  Siwaliks  of  Asnot,  Punjab  : Indian  Museum  (No.  B.  1). 

I 

,,  2.  Sus  GIGANTEUS,  Falc.  and  Caut.  Right  upper  cheek-dentition,  in  a well-worn  condition  ; 
from  a cranium  from  the  Siwalik  Hills:  British  IMuseum  (No.  16,166). 


Bo?/i  figures  natural  size. 
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PLATE  XII. 


Artiodactyla  — Suidce. 

. 1.  Sus  TITAN,  Lyd.  Distal  half  of  the  left  radius,  associated  with  the  cranium  figured  in 
plate  IX.  Indian  Museum  (No.  B.  13)  : from  the  anterior  aspect. 

2.  Sus  TITAN,  Lyd.  The  third  and  fourth  left  metacarpals,  associated  with  the  last  specimen  : 

Indian  Museum  (No.  B.  13a).  ,, 

3.  Hippohyus  sivalensis,  Falc.  and  Caut  Part  of  the  right  ramus  of  the  mandible,  with  the 

teeth  much  worn  ; from  the  Siwaliks  of  Kolsa,  Punjab  ; Indian  Museum  (No.  B.  64). 

4.  PIippoHYUS,  sp.  Hinder  part  of  the  left  ramus  of  the  mandible,  with  the  teeth  in  a medium 

condition  of  wear;  from  the  Siwaliks  of  Asnot,  Punjab:  Indian  Museum  (No.  B.  68). 

5.  Hyotheriu.m,  sp.  A second  left  lower  true  molar,  in  a slightly  worn  condition  ; said  to  be 

from  the  Siwaliks  of  Perim  Island  : Indian  Museum  (No.  B.  101). 

6.  Hyotherium  siNDiENSE,  Lyd.  Fragment  of  the  left  maxilla  containing  the  second  and  third 

true  molars,  in  a much  worn  and  eroded  condition  ; from  the  lower  Siwaliks  of  Sind  : 
Indian  Museum  (No.  B.  102). 

7.  Hyotherium,  sp.  The  first  or  second  right  lower  true  molar,  in  a well-worn  condition  ; from 

the  lower  Siwaliks  of  Sind  : Indian  Museum  (No.  B.  99). 

8.  Hyotherium,  sp.  A first  right  lower  true  molar,  in  a well-worn  condition  ; from  the  lower 

Siwaliks  of  Sind  : Indian  Museum  (No.  B.  99a). 

9.  (.?)  Hyotherium,  sp.  A fourth  left  upper  premolar,  in  an  unworn  condition  ; from  the  lower 

Siwaliks  of  the  Laki  Hills,  Sind  : Indian  Museum  (No.  B.  98). 

10.  Hyotherium,  sp.  A first  or  second  upper  true  molar,  in  a very  much  worn  condition  ; from 

the  lower  Siwaliks  of  the  Laki  Hills  : Indian  IMuseum  (No.  B.  96). 

11.  Hyotherium,  sp.  A first  or  second  right  upper  true  molar,  in  a well-worn  condition  ; from 

the  lower  Siwaliks  of  the  Laki  Hills  : Indian  Museum  (No.  B.  96a). 

12.  Hyotherium  sindien.se,  Lyd.  A second  right  upper  true  molar,  in  an  unworn  condition; 

from  the  lower  Siwaliks  of  the  Laki  Hills;  Indian  Museum  (No.  B.  96b). 

13.  Hyotherium,  sp.  A first  right  upper  true  molar,  in  an  unworn  condition;  from  the  lower 

Siwaliks  of  the  Laki  Hills  : Indian  Museum  (No.  B.  97a). 

14.  Hyotherium,  sp.  A first  right  upper  true  molar,  in  a slightly  worn  condition  ; from  the 

lower  Siwaliks  of  the  Laki  Hills  : Indian  Museum  (No.  B.  97). 

15.  (.?)  Hyotherium  sindiense,  Lyd.  A fourth  left  (.?)  upper  premolar,  in  a slightly  worn  condition  ; 

from  the  lower  Siwaliks  of  the  Laki  Hills  : Indian  Museum  (No.  B.  98). 

16.  Hyotherium,  sp.  A fragment  of  the  right  ramus  of  the  mandible, 'showing  mm.  4 and  m.  I 

in  an  unworn  condition  ; from  the  lower  Siwaliks  of  the  Laki  Hills  : Indian  Museum 
(No.  B.  100). 

17.  Hippohyus  sivalensis,  Falc.  and  Caut.  Fragment  of  the  right  maxilla  with  the  teeth  in  a 

partially  worn  condition  ; from  the  Siwaliks  of  Asnot:  Indian  Museum  (No.  B.  65). 

18.  Hippohyus  sivalensis,  Falc.  and  Caut.  Fragment  of  the  left  ramus  of  the  mandible,  with 

m.  3 in  an  unworn  condition  ; from  the  Siwaliks  of  Asnot : Indian  Museum  (No.  B.  69). 

19.  Hippohyus  sivalensis,  Falc.  and  Caut.  The  left  half  of  the  symphysis  belonging  to  the 

same. specimen  as  fig.  3. 

20.  Hippohyus,  sp.  Fragment  of  the  left  ramus  of  the  mandible,  with  m.  3 in  an  early  stage  of 

wear;  from  the  Siwaliks  of  Asnot : Indian  Museum  (No.  B.  69a). 

21.  Hippohyus  sivalensis,  Falc.  and  Caut.  The  second  and  third  true  molars  of  the  right  side, 

in  a well-worn  condition,  from  a palate  specimen  ; from  the  Siwaliks  of  the  Punjab  : 
Indian  Museum  (No.  B.  C6). 


All  the  figures  natural  size. 
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PLATE  XIII. 


Artiodactyla  — Cervidw  and  Bovidw. 

1.  Boselaphus,  sp.  The  left  upper  cheek-dentition  of  a young  individual,  viewed  from  the 

masticating  and  inner  aspect  ; from  the  Siwaliks  of  the  Punjab  : Indian  Museum 
(No.  B.  213). 

2.  Boselaphus,  sp.  Part  of  the  left  upper  dentition  of  a young  individual,  viewed  from  the  outer 

aspect ; from  the  Siwaliks  of  the  Punjab  : Indian  Museum  (No.  B.  385). 

3.  Boselaphus,  sp.  Part  of  the  right  lower  cheek-dentition  of  a young  individual  ; from  the 

Siwaliks  of  the  Punjab  : Indian  Museum  (No.  B.  211). 

4.  Boselaphus,  sp.  Part  of  the  left  lower  cheek-dentition  of  a still  younger  individual  ; from 

the  Siwaliks  of  the  Punjab  ; Indian  Museum  (No.  B.  211). 

5.  Boselaphus,  sp.  The  left  lower  true  molars  of  an  adult ; from  the  Siwaliks  of  the  Punjab  : 

Indian  Museum  (No.  B.  210). 

6.  Cervus  simplicidens,  Lyd.  The  left  upper  cheek  dentition,  viewed  from  the  masticating  and 

inner  aspect;  from  the  Siwaliks  of  the  Punjab;  Indian  Museum  (No.  B.  310). 

7.  Boselappius,  sp.  First  (?)  left  upper  true  molar  in  a well-worn  condition,  viewed  from  the 

masticating  and  inner  aspect ; from  the  Siwaliks  of  the  Punjab  : Indian  Museum 

(No.  B.  206). 

8.  Boselaphus,  sp.  Right  upper  true  molar,  in  a slightly  worn  condition,  viewed  from  the  outer 

aspect ; from  the  Siwaliks  of  the  Punjab  : Indian  Museum  (No.  B.  205). 

9.  Pal^oryx  (?)  sp.  Left  upper  true  molar,  in  a well-worn  condition,  viewed  from  the  inner  and 

masticating  aspect ; from  the  Siwaliks  of  the  Punjab  : Indian  Museum  (No.  B.  353). 

10.  Outer  aspect  of  fig.  9. 

11.  Masticating  and  inner  aspect  of  fig.  8. 

« 

12.  Oreas  (?)  LATiDENS,  Lyd.  The  left  upper  cheek-dentition,  viewed  from  the  outer  aspect ; from 

the  Siwaliks  of  the  Punjab  : Indian  Museum  (No.  B,  218). 

/ 

13.  Inner  and  masticating  aspect  of  the  first  three  teeth  of  fig.  12. 


All  the  figures  natural  size.  In  figs.  1,  2,  the  letters  a,  b,  c,  d,  e,  indicate  the  ‘ costce.' 
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PLATE  XIV. 


1. 

2,  2a,  2b. 

3,  3a,  3b. 

4,  4a,  4b. 

5, 

6, 

7,  7a,  7b, 

8. 

9,  9a,  9b. 

10,  10a. 

11,  11a. 

12, 

13. 

14. 


Ayes. 

Leptoptilus  falconeri  (]\I.  Edws.).  Distal  e.xtremity  of  the  left  humerus, 
viewed  from  the  palmar  aspect ; from  the  Siwalik  Hills : British  Museum 
(No.  48,435). 

DROMAiUS  (?)  .sivALENSis,  Lyd.  The  first  phalangeal  of  the  outer  (fourth)  digit 
of  the  right  foot;  from  the  Siwaliks  of  the  Punjab:  Indian  Museum 
(No.  E.  1).  2 from  the  anterior,  2a  from  the  posterior,  2b  from  the  proximal 

aspect. 

Merges  (?)  sp.  Early  cervical  vertebra ; from  the  Siwaliks  of  the  Punjab  : 
Indian  Museum.  3 from  the  haemal,  3a  from  the  anterior,  3b  from  the  neuial 
aspect. 

Drom^us  (?)  SIVALENSIS,  Lyd.  The  second  phalangeal  of  the  outer  (fourth) 
digit  of  the  left  foot;  from  the  Siwaliks  of  the  Punjab;  Indian  Museum 
(No.  E.  3).  4 from  the  anterior,  4a  from  the  proximal,  4b  from  the  distal 

aspect. 

Drom^us  (?)  SIVALENSIS,  Lyd.  The  second  phalangeal  of  the  outer  (fourth) 
digit  of  the  left  foot ; from  the  Siwaliks  of  the  Punjab : Indian  Museum 
(No.  E.  4).  From  the  anterior  aspect. 

Droaglus  (?)  SIVALENSIS,  Lyd.  The  first  phalangeal  of  the  outer  (fourth) 
digit  of  the  left  foot ; from  the  Siwaliks  of  the  Punjab  : Indian  Museum 
(No.  E.  2).  From  the  anterior  aspect. 

7c,  7d.  CicoNioiD,  gen.  non.  del.  Fourth  cervical  vertebra ; from  the  Siwaliks  of  the 
Punjab  : Indian  Museum  (No.  E.  8).  7 trom  the  right  lateral,  7a  from  the 

anterior,  7b  from  the  posterior,  7c  from  the  neural,  7d  from  the  haemal  aspect. 

SxRUTHioiD,  ge7i.  non.  del.  Second  phalangeal  of  the  middle  (third)  digit  of 
the  foot;  from  the  Siwalik  Hills:  British  Museum  (No.  39,733).  From  the 
anterior  aspect. 

Leptoptilus  falconeri  (M.  Edws.).  Distal  e.xtremity  of  the  right  tibia ; from 
the  Siwaliks  of  the  Punjab : Indian  Museum  (No.  E.  10).  9 from  the 

anterior,  9a  from  the  posterior,  9b  from  the  distal  aspect. 

Phalacrocorax  (?)  sp.  Proximal  half  of  the  metatarsus ; from  the  Siwalik 
Hills  : British  Museum  (No.  39,742).  10  from  the  anterior,  10a  from  the 

posterior  aspect. 

Pelecanus  cautleyi,  Davies.  Distal  extremity  of  the  left  ulna ; from  the 
Siwalik  Hills  : British  Museum  (No.  39,740).  11  from  the  external,  11a  from 

the  palmar  aspect. 

Leptoptilus  falconeri  (M.  Edws.).  First  phalangeal  of  the  outer  (fourth) 
digit  of  the  right  foot ; from  the  Siwaliks  of  the  Punjab  : Indian  Museum 
(No.  E.  9).  P'rom  the  anterior  aspect. 

Gen.  11071.  det.  First  phalangeal  of  the  median  (third)  digit  of  the  foot ; from  the 
Siwaliks  of  the  Punjab  : Indian  Museum.  From  the  anterior  aspect. 

Leptoptilus  falconeri  (M.  Edws.).  Distal  extremity  of  the  left  metatarsus ; 
Siwalik  Hills  : British  Museum  (No.  39,736).  From  the  anterior  aspect. 


All  the  figures  natural  size. 
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PLATE  XV. 


Aves. 

Struthio  asiaticus,  a.  Milne-Edwards. 

1,1a.  The  greater  portion  of  the  shaft  of  the  right  tibia  and  hbula ; from  the  Siwalik  Hills  : 

Indian  IMuseum  (No.  E.  7).  1 from  the  anterior,  la  from  the  posterior  aspect. 

2,  2a.  The  distal  portion  of  the  right  tibia  ; from  the  Siwalik  Hills ; British  Museum  (No.  39,732). 

2 from  the  anterior,  2a  from  the  posterior  aspect. 

3.  The  distal  portion  of  the  right  metatarsus,  and  the  pro.ximal  portion  of  the  first  phalangeal 

of  the  third  digit;  from  the  Siwalik  Hills:  British  Museum  (No.  43,105).  From  the 
posterior  aspect. 


Figs.  1,  \a,  2,  2a,  -g-  iiat.  size  ; fig.  3,  7iatural  size. 


WcstNevvisaaii.  & C?  im-to. 


PLATE  XVL 


Peoboscidea  — Elepliantidce. 

. 1.  Mastodon  pandionis,  Falconer.  The  third  left  upper  true  molar,  in  a well-worn  condition. 
In  the  possession  of  Mr.  Wajeshankar  Gowreeshankar  of  Bhaonagar. 

2.  IMastodon  perimensis,  Falc.  and  Caut.  The  greater  portion  of  the  second  right  upper  true 
molar:  Indian  Museum  (No.  A.  437).  The  restoration  of  the  hind  ridge  and  talon  is 
incorrect. 


* Both  specimens  are  from  Perim  Island,  Gulf  of  Cambay ; and  are  drawn  of  the  natural  size. 

a,  anterior,  and  h,  posterior  accessory  column. 
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PLATE  XVIL 


Pkoboscidea  — Elephantidce. 

Fig.  1.  ij)  Mastodon  peruiensis,  Falc.  and  Cant.  Fragment  of  the  right  maxilla,  with  the  second 
and  third  milk-molars,  in  a well-worn  condition.  In  the  pos.session  of  IMr.  Wajeshankar 
Gowreeshankar  of  Bhaonagar. 

,,  2,  2a.  IMastodon  pandionis.  Falconer.  The  first  right  upper  true  molar,  in  an  unworn  condition. 

In  the  possession  of  Mr.  Wajeshankar  Gowreeshankar.  Fig.  2a  shows  the  outer  side. 

,,  3,  3a.  Mastodon  perimensis,  Falc.  and  Caut.  'I'he  third  left  upper  milk-molar,  in  an  unworn 

condition:  British  iNIuseum  (No.  40,778).  Fig.  3a  shows  the  outer  side. 

,,  4.  {j)  Mastodon  perimensis,  Falc.  and  Caut.  The  third  right  lower  premolar,  in  a broken 

condition.  From  a fragment  of  the  mandible  in  the  possession  of  hlr.  Wajeshankar 
Gowreeshankar. 


■X- 


All  the  specimens  are  from  Perim  Island  ; and  are  drawn  of  the  natural  size,  ta  posterior,  and  ta' 

anterior  talon;  c,  cingulum. 
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PLATE  XVIII. 


Chelonia  — Testudinidw. 

Figs.  1,  la.  CoLOSsocHELYS  ATLAS,  Falc.  and  Caut.  The  anterior  extremity  of  the  plastron,  viewed 

from  the  dorsal  (1)  and  ventral  (la)  aspepts;  from  the  Siwalik  Hills.  British  Museum 

(No.  406103).  The  posterior  portion  is  drawn  from  another  specimen. 

„ 2.  Genus  non.  dei.  Species  3.  The  anterior  extremity  of  the  plastron,  viewed  from  the 

dorsal  aspect;  from  the  Siwaliks  of  the  Punjab.  Indian  Museum  (No.  E 84). 

,,  3,  3a.  Genus  non.  dei.  Species  2.  The  anterior  extremity  of  the  plastron,  viewed  from  the 

dorsal  (3)  and  ventral  (3a)  aspects ; from  the  Siwaliks  of  the  Punjab.  Indian  Museum 
(No.  E 82). 

,,  4.  Genus  non.  del.  Species  1.  The  anterior  extremity  of  the  plastron,  viewed  from  the 

ventral  aspect ; from  the  Siwalik  Hills.  Indian  Museum  (No.  E 82a). 


Figs.  1,  la  the  others  naf.  size. 


g.,  gular  ; pg.,  postgular  plate. 
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PLATE  XIX. 

Chelonia  — Testudmidce. 

Figs.  1,  la.  Genus  7ion.  det.  Species  4.  The  anterior  extremity  of  the  plastron,  viewed  from  the 
dorsal  (3)  and  ventral  (3a)  aspects;  from  the  Siwaliks  of  the  Punjab.  Indian  Museum 
(No.  E 80).  ^ nat.  size. 

,,  2.  CoLOSSOCHELYS  ATLAS,  Falc.  and  Caut.  Proximal  half  of  the  right  humerus,  with  the 

distal  half  restored,  viewed  from  the  preaxial  aspect ; from  the  Siwalik  Hilts. 
British  Museum  (No.  16518).  ^ nat.  size. 

,,  3,  3a,  {?)  CoLossocHELYS  ATLAS,  Falc.  and  Caut.  The  cranium  (?  of  a female),  viewed  from  the 

3b.  parietal  (3),  right  lateral  (3a),  and  palatal  (3b)  aspects ; from  the  Siwalik  Hills. 

British  Museum  (No.  39819).  ^ nat.  size. 


,,  4.  Genus  71071.  det.  Species  4.  Part  of  the  nuchal  scute,  viewed  from  the  dorsal  a.spect ; 

from  the  Siwaliks  of  the  Punjab.  Indian  Museum  (No.  E 81).  \ nat.  size. 


a,  ulnar  tuberosity  ; b,  radial  tuberosity  ; c,  position  of  ectepicondylar  (radial)  groove  ; g,  gular  plate  ; 

pg,  postgular  plate. 
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PLATE  XX. 


Chelonia  — Emydidce. 

Figs.  1,  la,  lb.  Clemmys  sivalensis  (Theobald).  Greater  part  of  shell  ; from  the  Siwaliks  of  the 
Punjab.  Indian  Museum  (No.  E 88).  1 from  the  dorsal,  la  from  the  right  lateral 

aspect : lb  anterior  extremity  of  plastron. 

,,  2,  2a,  2b.  Clemmys  theobaldi,  Lyd.  Greater  part  of  shell  ; from  the  Siwaliks  of  the  Punjab. 

Indian  Museum  (No.  E 89).  2 from  the  dorsal,  2a  from  the  left  lateral  aspect:  2b 

anterior  extremity  of  plastron. 

,,  3,  3a,  3b.  Clemmys  punjabiensis,  Lyd.  Greater  part  of  .shell ; from  the  Siwaliks  of  the  Punjab. 

Indian  Museum  (No.  E 92).  3 from  the  dorsal,  3a  from  the  left  lateral  aspect : 3b 

anterior  extremity  of  plastron. 

; 

,,  4,  4a.  Clemmys  hydaspica,  Lyd.  Shell ; from  the  Siwaliks  of  the  Punjab.  Indian  Museum 
(No.  E 93).  4 from  the  dorsal,  4a  from  the  right  lateral  aspect. 


^ All  the  figures  ^'natural  size. 
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PLATE  XXL 

Chelonia  — Emydidce. 

Clemmys  pal^indica,  Lyd.  Greater  part  of  shell  of  a half-grown  specimen  ; from  the 
Siwalik  Hills.  British  Museum  (No.  39810).  f nat.  size.  1 from  the  right  lateral, 
la  from  the  anterior,  lb  from  the  dorsal  aspect. 

Clemmys  hamiltoni  (Gray).  Shell  of  a young  recent  specimen,  viewed  from  the 
dorsal  aspect ; from  Lower  Bengal.  Nat.  size. 

Clemmys  pal^indica,  Lyd.  Shell  of  an  adult,  viewed  from  the  dorsal  (3)  and  ventral 
(3a)  aspects  ; from  the  Siwalik  Hills.  British  Museum  (No.  39838).  ^ nat.  size. 

Clemmy's  (cf.  trijuga  [Schweigg]).  Shell  of  an  adult ; from  the  Siwalik  Hills.  British 
hluseum  (No.  39839).  nat.  size.  4 from  the  dorsal,  4a  from  the  left  lateral  aspect ; 
4b  the  anterior  extremity  of  the  plastron. 


g.,  gular  plate. 
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PLATE  XXII. 

Chelonia  — E'mydidce. 

Fig.  1.  Pangshura,  sp.  Shell  ; from  the  Siwalik  Hills.  British  Museum  (No.  17435).  £-  nat.  size. 

,,  2.  Pang.shura  flavivextris,  Gunther.  Shell ; from  the  pleistocene  of  the  Narbada  valley. 

Indian  Museum  (No.  F 110).  -J-  nat.  size. 

,,  3.  (?)  Pangshura  flaviventris,  Gunther.  Shell ; from  the  Siwalik  Hills.  British  Museum 

(No.  39837).  f nat.  size. 

,,  4.  Pangshura  tectum  (Bell).  Adult  recent  shell  of  var.  ventricosum,  Gray.  nat.  size. 

,,  5.  Pangshura  smith:  (Gray).  Adult  recent  shell.  | nat.  size. 

,,  6.  Pangshura  tectum  (Bell).  Shell  of  a young  recent  specimen.  Nat.  size. 

,,  7.  Pangshura  tectum  (Bell).  First  three  vertebrals  of  a half-grown  recent  specimen,  in  the 

Geological  Department  of  the  British  Museum.  Nat.  size. 

,,  8.  Pangshura  tectum  (Bell).  First  three  vertebrals  of  a recent  specimen  of  the  var.  inter- 

medium, Blanford.  Nat.  size.  {From  Mr.  Blanford's  figure.) 

,,  9.  Pangshura  tentoria,  Gray.  F'irst  three  vertebrals  of  a recent  specimen.  Nat.  size, 

{From  Dr.  Gunther  s figure.) 

,,  10.  Pangshura  flaviventris,  Gunther.  First  three  vertebrals  of  the  specimen  represented  in 
tig.  2.  Nat.  size. 

,,  11.  Pangshura  flaviventris,  Gunther.  First  two  vertebrals  of  a recent  specimen.  Nat.  size. 
{From  Dr.  Gunther's  figure.) 

,,  12.  Pangshura,  sp.  First  three  vertebrals  of  the  specimen  represented  in  fig.  1.  Nat.  size. 
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PLATE  XXIIL 

Chelonia  — EmijdidcB. 

, la.  Batagur  fAlconeri,  Lyd.  Shell,  viewed  from  the  dorsal  and  ventral  aspects;  from  the 
Siwalik  Hills.  British  Museum  (No.  39835). 

, 2a.  Batagur  bakeri,  Lyd.  Shell,  viewed  from  the  dorsal  and  ventral  aspects  ; from  the 
Siwalik  Hills.  British  Museum  (No.  39835a). 


All  the  figures  5 uat,  size  : a,  anal,  g,  gular,  pg,  postgular  plate. 
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PLATE  XXIV. 

Chelonia  — Emydidw. 

a.  Batagur  cauxleyi,  Lyd.  Shell,  viewed  from  the  dorsal  and  left  lateral  aspects  ; from  the 
Siwalik  Hills.  British  Museum  (No.  39834).  jr  nat.  size. 

Batagur  durandi,  Lyd.  Shell,  viewed  from  the  dorsal  aspect ; from  the  Siwalik  Hills. 
British  Museum  (No.  39841).  I nat.  size. 

Genus  non.  del.  (.?  Geoemyda,  sp.).  Nuchal  scute ; from  the  Siwaliks  of  the  Punjab. 
Indian  Museum  (No.  E 104). 

Batagur  ealconeri,  Lyd.  Right  lateral  aspect  of  the  specimen  represented  in  pi.  XXIII. 
fig.  1.  nat.  size. 

Batagur  bakeri,  Lyd,  Left  lateral  aspect  of  the  specimen  represented  in  pi.  XXIII.  fig.  2. 
} nat.  size. 
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PLATE  XXV. 


Chelonia  — Emydidce  and  Trioni/ckidce. 

Fig.  1.  (?)  Batagur  FALCONER!,  Lyd.  Part  of  the  carapace  of  a young  specimen;  from  the 

Siwaliks  of  the  Punjab.  Indian  Museum  (No.  E 94). 

,,  2,  2a,  2b.  (?)  Batagur  falconeri,  Lyd.  Cranium  ; from  the  Siwaliks  of  the  Punjab.  Indian 

Museum  (No.  E 103).  2 from  the  parietal,  2a  from  the  palatal,  2b  from  the  left 

lateral  aspect.- 

,,  3,  3a,  3b.  Trionyx  gangeticus,  Cuv.  Cranium  ; from  the  pleistocene  of  the  Narbada  valley 
British  Museum  (No.  39,843).  3 from  the  parietal,  3a  from  the  palatal,  3b  from  the 

right  lateral  aspect. 


Fig.  1 -g-  nat.  size  ; the  rest  f nat.  size. 
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PLATE  XXYL 


Chelonia  — Trionychidce. 

Fig,  1.  Ehyda  vittata,  Peters.  Shell,  viewed  from  the  ventral  aspect;  from  the  Siwalik  Hills. 

British  INIuseum  (No.  39618). 

,,  2.  Emyda  sivalensjs,  Lycl.  The  right  half  of  the  nuchal  scute,  viewed  from  the  dorsal 

aspect;  from  the  Siwaliks  of  the  Punjab.  Indian  Museum  (No.  E 133). 

,,  3.  Emyda  lineata,  Lyd.  Part  of  the  left  half  of  the  nuchal  scute,  viewed  from  the  dorsal 

aspect;  from  the  Siwaliks  of  the  Punjab.  Indian  hluseum  (No.  li.  132). 

,,  4,  4a.  (.^)  Emyda  vittata,  Peters.  The  right  anterior  marginal  scute,  viewed  from  the  dorsal  (4) 
and  posterior  (4a)  aspects;  from  the  Siwaliks  of  the  Punjab.  Indian  Museum 
(No.  E.  134b). 

,,  5,  5a.  Emyda  pal.-eindica,  Lyd.  The  right  anterior  marginal  scute,  viewed  from  the  dorsal 

(5)  and  posterior  (oa)  aspects ; from  the  Siwaliks  of  the  Punjab.  Indian  IMuseum 
(No.  E 134a). 

,,  6.  Emyda  lineata,  Lyd.  The  left  anterior  marginal  scute,  viewed  from  the  dorsal  aspect ; 

from  the  Siwaliks  of  the  Punjab.  Indian  Museum  (No.  E 210). 

,,  7.  Emyda  .sivalen.sis,  Lyd.  The  posterior  two-thirds  of  the  right  anterior  marginal  scute, 

viewed  from  the  ventral  aspect ; from  the  Siwaliks  of  the  Punjab.  Indian  Museum 
(No.  E 135). 

,,  8.  Emyda  granosa  (Schoepf.).  Nuchal  scute  of  a half-grown  recent  specimen  ; from  Bengal. 

a,  anterior,  b,  posterior  moiety. 

,,  9.  Emyda  sivalensis,  Lyd.  The  left  anterior  marginal  scute,  viewed  from  the  dorsal  aspect  ; 

from  the  Siwaliks  of  the  Punjab.  Indian  Museum  (No.  E 134). 

,,  10.  Emyda  pal.eindica,  Lyd.  The  sculpture  of  the  nuchal  scute,  from  a specimen  in  the 

Indian  iMuseum  (No.  E 132a),  from  the  Siwaliks  of  the  Punjab. 


Fig.  1 ^ nat.  size ; the  rest  nat.  size. 
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PLATE  XXVII. 


Chelonia  — Trionychidm. 

1.  Chitra  INDICA,  Gray.  Anterior  portion  of  the  carapace  ; from  the  Siwalik  Hills.  British 

Museum  (No.  39830). 

2.  Chitra  indica,  Gray.  Greater  portion  of  the  carapace ; from  the  Siwalik  Hills.  British 

Museum  (No.  39832). 

3.  3a.  Trionyx,  sp.  Right  half  of  the  plastron  (3)  and  the  vertebro-costal  region  of  the  carapace 

(3a) ; from  the  Siwalik  Hills.  Indian  Museum  (No.  E 163). 


% Figs.  ^1,  2,  ’ nat.  size  ; figs.  3,  3a  ^ nat.  size. — eni.  pi. — azygos  entoplastral  callosity. 
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PLATE  XXVIII. 

Crocodilia  — Croeodilidce. 

Figs.  1,  la.  Crocodilus  sivalensis,  Lyd.  Cranium  of  a half-grown  individual,  viewed  from  the 
facial  (1)  and  oral  (la)  aspects;  from  the  Siwalik  Hills.  British  Museum  (No. 
39795). 

,,  2,  2a.  Crocodilus  pal^indicus,  Falc.  Cranium  of  a sub-adult  individual,  viewed  from  the 

oral  (2)  and  left  lateral  (2a)  aspects  ; from  the  Siwaliks  of  Perim  Island.  Indian 
Museum  (No.  E.  31). 

,,  3.  Crocodilus  sivalensis,  Lyd.  Skull  of  a half-grown  individual,  viewed  from  the  left 

lateral  aspect ; from  the  Siwalik  Hills.  British  Museum  (No.  39798). 


"•  Figs.  1,  la,  2,  figs.  2a.  3,  ^ nat.  size.  or.  orbit;  pm.  f.  premaxillary  fissure;  pmx.  pre- 
maxilla ; st.  f.  supratemporal  fossa. 


G.M-.Wbodvr'arcL  d<2Lebliili. 


PLATE  XXIX. 


Crocodilia  — Crocodilidce. 

Figs.  1,  la.  Crocodilus  palustris,  Lesson.  Anterior  half  of  the  cranium  of  a half-grown  in- 
dividual, viewed  from  the  facial  (1)  and  oral  (la)  aspects;  from  Bengal  (recent). 

„ 2,  2a.  Crocodilus  sivalensis,  Lyd.  Anterior  half  of  the  cranium  of  an  adult  individual, 

viewed  from  the  facial  (2)  and  oral  (2a)  aspects  ; from  the  Siwalik  Hills.  British 
Museum  (No.  39800). 

,,  3.  Crocodilus  pal.®;indicus,  Falc.  Facial  aspect  of  the  cranium  represented  in  figs.  2, 

2a  of  the  preceding  plate. 

,,  4.  (?)  Crocodilus  sivalensis,  Lyd.  The  symphysis  and  part  of  the  left  ramus  of  the 

mandible,  viewed  from  the  oral  aspect ; from  the  Siwaliks  of  the  Punjab.  Indian 
Museum  (No.  E.  24). 


* Fig.  4,  the  rest  ^ nat.  size.  na.  nasal ; or.  orbit ; pal.  palatine  ; pm.  f.  premaxillary  fissure  ; 
pmx.  premaxilla  ; st.  f.  supratemporal  fossa. 
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PLATE  XXX. 

Crocodilia  — Crocodilidce. 
Gharialis  gangeticus  (Gmelin). 


Fig.  1.  Anterior  portion  of  the  skull  of  an  adult,  viewed  from  the  facial  aspect;  from  the 
Siwalik  Hills.  British  Museum  (No.  39811, a). 

,,  2.  Hinder  part  of  the  cranium  of  an  adult,  viewed  from  the  facial  aspect;  from  the  Siwalik 

Hills.  British  Museum  (No.  39809). 

,,  3,  3a.  The  anterior  portion  of  the  cranium  of  an  immature  individual,  viewed  from  the  oral 

aspect;  from  the  Siwalik  Hills.  3a  dental  alveolus.  British  Museum  (No.  39811). 

,,  4,  4a..  The  anterior  portion  of  the  cranium  of  a half-grown  individual,  viewed  from  the  facial 

(4)  and  oral  (4a)  aspects  ; from  the  Siwaliks  of  the  Kangra  district.  Indian  Museum 
(No.  E.  14). 

,,  5.  Anterior  part  of  the  right  ramus  of  the  mandible,  viewed  from  the  oral  aspect ; from 

the  Siwalik  Hills.  British  Museum  (No.  39812). 

,,  6.  Crown  of  the  tooth  of  an  adult ; from  the  Siwaliks  of  the  Punjab.  Indian  Museum 

(No.  E.  215). 


* Figs.  3a,  6 are  natural  size,  the  rest  ^ nat.  size.  or.  orbit;  pm.f.  premaxillary  fissure;  pmx. 
premaxilla;  st.f.  supratemporal  fossa. 
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PLATE  XXXL 

Crocodilia  — Crocodilidce. 

Figs.  ],  la,  Gharialis  curvirostris,  Lyd.  Hinder  portion  of  the  cranium,  viewed  from  the 
facial  (1)  and  left  lateral  (la)  aspects  ; from  the  lower  Siwaliksof  the  Laki  Hills,  Sind. 
Indian  Museum  (No.  E.  26). 

,,  2,  2a,  Gharialis  curvirostris,  Lyd.  Anterior  portion  of  the  cranial  rostrum  belonging  to 

2b,  2c.  the  same  individual  as  the  preceding  specimen,  viewed  from  the. facial  (2),  oral  (2a), 
and  right  lateral  (2b)  aspects  ; 2c  dental  alveolus.  Indian  Museum  (No.  E.  26). 

,,  3.  (?)  Gharialis  hysudricus,  Lyd.  Hinder  portion  of  the  cranium  of  an  adult,  viewed 

from  the  facial  aspect ; from  the  Siwalik  Hills.  British  Museum  (No.  39808). 

,,  4.  Gharialis,  sp.  (c/l  G.  hysudricus).  Terminal  portion  of  the  mandibular  symphysis, 

viewed  from  the  oral  aspect;  from  Perim  Island.  Indian  Museum  (No.  E.  28). 


Fig.  2c  nat.  size,  fig.  3 the  rest  ^ nat.  size.  a.  pits  for  mandibular  teeth  ; mx.  maxilla ; 
or.  orbit ; pm.f.  premaxillary  fissure  ; pmx.  premaxilla;  st.f.  supratemporal  fossa. 
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PL’ATE  XXXIL 

Ceocodilia  — Crocodilidce. 


Figs  1,  la,  Gharialis  hysudricus,  Lyd.  The  greater  portion  of  the  cranial  rostrum,  viewed  from 
lb,  Ic.  the  facial  (1),  oral  (la),  and  right  lateral  (lb)  aspects;  Ic  transverse  section  of  anterior 
extremity  ; from  the  Siwalik  Hills.  British  Museum  (No.  39805). 

,,  2,  2a.  Gharialis  leptodus  (Falc.  and  Caut.)  Part  of  the  mandibular  rostrum,  viewed  from 

the  oral  (2)  and  right  lateral  (2a)  aspects  ; from  the  Siwalik  Hills.  British  Museum 
(No.  39806). 

,,  3,  3a,  Gharialis  leptodus  (Falc.  and  Caut.)  Hinder  portion  of  the  mandibular  rostrum, 

3b.  viewed  from  the  oral  aspect  (3),  and  in  transverse  section  (3a) ; 3b  shows  the  section 
of  one  tooth  ; from  the  Siwalik  Hills.  Indian  Museum  (No.  E.  11). 

,,  4,  4a.  Gharialis  leptodus  (Falc.  and  Caut.)  Hinder  part  of  the  cranial  rostrum,  viewed 

from  the  oral  aspect : 4a  shows  an  alveolus  and  interdental  pit  of  the  full  size  ; from 
the  Siwaliks  of  the  Punjab.  Indian  Museum  (No.  E.  12). 


* Figs.  1,  la,  lb,  Ic,  nat.  size  ; figs.  2,  2a,  3,  3a,  4,  ^ nat.  size;  and  figs.  3b,  4a,  natural  size. 
a.  pits  for  mandibular  teeth  ; pal.  palatine : sp.  splenial. 
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PLATE  XXXIIL 

Ceocodilia  — Orocodilidce. 

Fig,  1,  la,  Gharialis  pachyrhynchus,  Lyd.  Anterior  extremity  of  the  cranial  rostrum,  viewed 
lb.  from  the  facial  (1),  oral  (la),  and  left  lateral  (lb)  aspects;  from  the  lower  Siwaliks 
of  Sind.  Indian  Museum  (No.  E.  30). 

,,  2,  2a.  Gharialis  pachyrhynchus,  Lyd.  Middle  portion  of  the  cranial  rostrum,  viewed 

from  the  oral  (2),  and  left  lateral  (2a)  aspects  ; from  the  lower  Siwaliks  of  Sehwan, 
Sind.  Indian  Museum  (No.  E.  29). 

,,  3.  Rhamphosuchus  crassidens  (Falc.  and  Caut.)  Anterior  extremity  of  the  mandibular 

symphysis,  viewed  from  the  palatal  aspect ; from  the  Siwalik  Hills.  Indian  Museum 
(No.  E.  214). 

,,  4.  Gharialis  pachyrhynchus,  Lyd.  The  crown  of  a tooth,  with  most  of  the  enamel 

chipped  off ; from  the  Lower  Siwaliks  of  Sind.  Indian  Museum  (No.  E.  216). 

,,  5.  Rhamphosuchus  crassidens  (Falc.  and  Caut.)  A lower  tooth  provisionally  referred 

to  this  species  ; from  the  Siwaliks  of  the  Punjab.  Indian  Museum  (No.  E.  217). 


With  the  exception  of  figs.  4 and  5,  which  are  i',  all  the  figures  are  drawn  ^ nat.  size.  a.  inter- 
dental pits  for  mandibular  teeth  ; ?«a-.  maxilla  ; premaxillary  fissure ; premaxilla. 
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PLATE  XXXIV. 


Crocodilia  — Crocodilidce. 


Rhamphosuchus  crassidens  (Falc.  and  Cant.). 


Figs.  1,  la, 
lb. 


The  anterior  half  of  the  rostrum,  viewed  from  the  ventral  (1),  right  lateral  (la)  and 
facial  (lb)  aspects  ; from  the  Siwalik  Hills.  British  Museum  (No.  39802). 


The  specimen  is  drawn  of  ^ nat.  size.  den.  dentary ; mx.  maxilla ; pmx.  premaxilla ; sp. 
splenial. 
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PLATE  XXXV. 

Reptilia  and  Pisces. 


Figs.  1,  la, 
lb. 


» ♦ 


2. 


5,  6. 


/ , /a. 


..  8. 

„ 9,  9a. 


„ 10,  10a. 


Varanus  sivalensis.  Falconer.  The  distal  portion  of  the  right  humerus,  viewed  from  the 
palmar  (1),  dorsal  (la\  and  distal  (lb)  aspects  ; from  the  Siwalik  Hills,  g.  entepicondyle ; 
h.  ectepicondyle  ; i.  entocondyle  ; k.  ectocondyle  ; m.  entepicondylar  foramen.  British 
Museum  (No.  40819). 

Python  molurus  (Linn).  A cervical  vertebra  of  a recent  individual  of  about  twenty  feet 
in  length,  viewed  from  the  left  lateral  aspect,  az.  prezygapophysis  ; pz.  pdstzygapophysis  ; 
m.  neural  spine  ; /.  tubercle  for  rib  ; c.  condyle  of  centrum  ; hs.  haemal  spine,  zs.  zygo- 
sphene. 

Python  molurus  (Linn).  A middle  dorsal  vertebra  belonging  to  the  same  individual  as 
the  last,  viewed  from  the  posterior  (3)  and  anterior  (3a)  aspects,  n.  neural  canal  ; 
c.  articular  cup  of  centrum  ; za.  zygantrum  ; other  letters  as  in  fig.  2. 

Python  molurus  (Linn).  An  early  dorsal  vertebra,  viewed  from  the  posterior  aspect ; 
from  the  Siwaliks  of  the  Punjab.  Indian  Museum  (No.  E.  206).  Letters  as  in  figs.  2,  3. 

Python  {cf.  molurus  [Linn]).  Two  imperfect  dorsal  vertebrae,  viewed  from  the  anterior 
aspect ; from  the  Siwaliks  of  the  Punjab.  Indian  Museum  (No.  E.  205),  Letters  as  in 
figs.  2,  3. 

Python  {cf.  molurus  [Linn]).  An  early  caudal  vertebra,  viewed  from  the  posterior  (7) 
and  left  lateral  (7a)  aspects  ; from  the  Siwaliks  of  the  Punjab.  Indian  Museum  (No.  E. 
205).  Letters  as  in  figs.  2,  3. 

Carcharodon,  sp.  Tooth  ; from  the  Siwaliks  of  Pegu.  Indian  Museum  (No.  E.  161). 

Myliobatis  curvipalatus,  Lyd.  Part  of  upper  (.?)  dental  plate  ; from  the  eocene  of 
Kach  : from  the  grinding  surface  (9)  and  in  transverse  section  (9a).  Indian  Museum 
(No.  H.  -f).  a.  lateral  teeth. 

Diodon  foleyi,  Lyd.  Dental  plate,  viewed  from  the  exposed  (10),  and  embedded  (lOa) 
surfaces;  from  the  eocene  of  Ramri  Island.  Indian  Museum  (No.  H. 


11,  11a.  Capitodus  iNDicus,  Lyd.  Incisiform  tooth,  viewed  from  the  outer  (11),  and  inner  (11a) 
aspects  ; from  the  eocene  of  the  Punjab.  Indian  Museum  (No.  H.  ~.f). 

,,  12,  13.  Carcharias,  sp.  Upper  teeth  ; from  the  Siwaliks  of  the  Punjab.  Indian  Museum 

(No.  E.  160). 

„ 14,  15  Carcharias,  sp.  Lower  teeth  ; from  the  Siwaliks  of  the  Punjab.  Indian  Museum 

(No.  E.  160). 


% 


All  the  figures  are  drawn  of  the  natural  size. 
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PLATE  XXXVL 

Pisces  — Siluridce. 


Fig.  1,  Bagarius  yarrelli  (Sykes).  Anterior  part  of  skull;  from  the  Siwalik  Hills.  Indian 

^ Museum  (No.  E.  155). 

,,  2.  Arius,  sp.  Hinder  part  of  cranium,  restored  in  outline  from  A.  latiscutaius  ; from  the 

Siwalik  Hills.  British  Museum  (No.  16402,  a). 

,,  3.  Heterobr.^nchus  interhedius,  Gunther.  Skull  ; from  the  Nile  at  Khartum.  British 

Museum. 

,,  4.  Heterobranchus  ral^mndicus,  Lydekker.  Skull  ; from  the  Siwalik  Hills.  British 

Museum  (No.  16402,  c). 

,,  5.  Macrones  aor  (Buch.  Hamilton).  Skull  ; from  the  Siwalik  Hills.  British  Museum 

(No.  40822). 


* Figs.  3,  4,  nat.  size  ; figs.  1,  2,4-  nat.  size;  fig.  5,  | nat.  size.  «.  supraoccipital,  and  3.  frontal 
vacuity ; e.  articular  surface  for  barbel  ; eth.  ethmoid  ; fr.  frontal  ; na  anterior,  and  nd  posterior  narial 
aperture  ; or.  orbit ; sup.  supraoccipital  process  ; tu.  turbinal. 
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PLATE  XXXYIl. 

Pisces  — Siluridcv,  Ophioeephalidcc,  etc. 


Fig.  1.  Clarias  FALCONERi,  Lydekker.  Middle  portion  of  skull;  from  the  Siwalik  Hills.  British 

Museum  (No.  16402,  b). 

,,  2.  Ophiocephalus,  sp.  Skull;  from  the  Siwalik  Hills.  British  Museum  (No  16402). 

> 

,,  3.  Rita  grandi.scutata,  Lydekker.  Basal  bone  of  dorsal  spine  ; from  the  Siwaliks  of  the 

Punjab.  Indian  Museum  (No.  E.  157). 

,,  4.  Chrysichthys  (.?)  THEOBALDi,  Lydekker.  Hinder  portion  of  cranium;  from  the  Siwaliks 

of  the  Punjab.  Indian  Museum  (No.  E.  158). 

,,  5.  Chry.sichthys  macrops,  Gunther.  Skull  ; from  the  Nile  at  Khartum.  British  Museum. 

,,  6.  Rita  crucigera  (Owen).  Hinder  part  of  cranium  and  basal  bone  of  dorsal  spine  of  a 

young  individual  ; from  the  Ganges.  British  Museum. 

,,  7.  Arius  (?),  sp.  The  right  palatine;  from  the  Siwaliks  of  the  Punjab.  Indian  Museum 

(No.  IL  164). 

,,  8.  Arius  {?),  sp.  The  imperfect  right  palatine;  from  the  lower  Siwaliks  of  Sind.  Indian 

IMuseum  (No.  E.  162). 

,,  9,  9a.  Selachoid,  gen.  non.  del.  ATrtebra  ; from  the  Siwaliks  of  Perim  Island.  Indian  Museum 

(No.  E.  218). 

,,  10,  10.  SiLUROiD,  gen.  non.  det.  Part  of  spine  of  a hn  ; from  the  Siwaliks  of  the  Punjab.  Indian 

Museum  (No.  E.  202). 


* Fig.  3,  \ nat.  size ; the  others  nat.  size.  a.  supraoccipital,  and  b.  frontal  vacuity ; ha.  basal  bone 
of  dorsal  spine  ; c.c.d.  articular  processes  ; eUi.  ethmoid  ; fr.  frontal ; nin.  mandible  ; or.  orbit  ; sup.  supra- 
occipital process. 
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